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Touch panel and display device using the same 



(57) A touch pane! is fabricated by arranging a pair 
of substrates each composed of a transparent conduc- 
tive layer and a base such that the substrates are 
spaced apart and the transparent conductive layers 
face each other. In such touch panel, since the touch 
panel has at least one of the following features: 

(1) at least one of the substrates is iight-scatterable; 
and 



(2) a polarized light separation layer capable of 
transmitting certain circularly polarized light is pro- 
vided in front of the transparent conductive layer of 
the substme for touch input, the visibility of the 
touch panel and that of an image displayed on a liq- 
uid crystal display device using the same is 
improved. 
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Description 



FIELD OF THE INVENTION 

roooi 1 The present invention relates to a touch panel (pressure-sensitive input device), and to a liquid crystai dls- 
Ptey device^ whS "he front surface (the viewing-side) of the liquid crystal display unit is provided with the touch panel. 

BACKGROUND OF THE INVENTION 

r00021 Liquid crystal display units have broadly been used as displays of such electric appliances as personal com- 
S word p ocessors. liquid crystal televisions, docks, and calculators. Since the liquid crysta. .tself «S not luminous, 
nqSd costal displays other than those of devices of low luminacne (e.g., clocks, calculators, require tne use or a oack- 
iinht for iituminatirtq a liquid crystal display from its reverse side. 

SSS ^n^^rZure provisioning for information communication such the internet, and the network.ng of 
Nation bt interconnecting computers and data communication equipment have been progressing For ut.lmng 
subnetworks efficiently, hand-held terminate such as PDA (Personal Digital Assistance) are under furtne, -develop- 
ment. 2eover thinner'and lighter mobile computers as substitutes for notebook computers have been under devei- 

nwT Since these devices need to be portable, prolongation of battery survival time and downsizing of data com- 
muWation eqXment are both required. Accordingly, displays for these hand-held data commumcation terminate are 
to^TSilnnf. lighter, and less electric power consuming. Particularly, for making displays less power-con- 
s^ina ^ substitutes for conventional units utilizing a backlight (e.g., transmission-mode liquid crystal d,spla y units , 
the™ hav" been proposed units which utilize natural light, exterior light, or an exterior electric light for iilummating the.r 
dislvrOf these the most promising type of display is a reflection-type liquid crystal display unit or a reflection-trans- 
mfirottypeTuW crystal display untt In particular, for keeping up with the diversification of information accompanying 
Advancement in muM-media there have been desired inexpensive reflection-mode liquid crystal display und. or ref ec- 
tio^rmisSon-mode liquid crysta. display units capable of displaying images in color and with extended definition 
hia display) incidentally, for cases where sufficient brightness cannot be obtained because of natural light. 
So S« or a?ront'.ght being feeble, liquid crysta. display devices equipped with a front light for temporally (for a 
sS! pe Z lof time) compensating the insufficiency of brightness were developed. Such front light for temporal use is 
^Z^Z^ium^ the display screen of a liquid crystai display device from its side but un.formly scattering 

SoiT "oHheTquid costal display units, although a variety of units such as those of TN type (twisted nematic type) 
or of STN type (super twisted nematic type) are known as reflection-mode liquid crystal display units constituting reflec- 
tion-mode Uquic. crystal display devices, units of the type that utilize a polarizing plate (a liquid crysta. d.splay unit with 

mooT P °^!XVZ^^Z>^ unit of R-OCB mode, which is a display unit having a hybrid aligned 
nema ic « C^Ser shows such'excellent characteristics as low voltage, broader field of view high-speed 
espo crZium color tone display, and high contrast. Further, in a liquid crystal display unit of the single polarizmg 
aSeZe having a base vertically aligned such as to have a certain tilting angle in a predetermined director , [Japanese 
KSXpEtfin Laid-Open No 337421/1994 (JP-6-A-337421 )], its viewing angle dependency typified by low con- 
trat , or reversal of displayed images observed when looked from a diagonal direction is improved. 
00071 MoVeove generally known as the reflection-type liquid crystal display units are those of the simple matrix 
LTo of the active matrix type typified by TFT (thin film transistor) liquid crystal display units in wh.ch for presenting 
m£ images a" pigments are individually controlled. Fabrication of a TFT liquid crysta, display requires theuseoa.q 
^crystal display unit whose base is made of glass, for it is necessary to provide several hundred thousands or more 
n tranSors on the base In contrast, a super twisted nematic (STN) liquid crystal display un.t can be manufactured at 
tow cosl not only bemuse images are displayed utilizing a simple matrix support (substrate) with bar-like electrodes 
but also a plastic base can be used as the support for the electrodes. 

rooom For making the display brighter, the reflection -type liquid crystal display unrt is constructed such that I ght 
Sing on aTquid crystal teye" (e.g., natural light, exterior light, light from a front light) is efficiently taken thereinto 
ZSn reflected by a light-reflective back plate (back electrode) or backside light reflector. Moreover, the surface of 
Z liaht reflective back plate (e.g., light reflective back electrode) or that of the backside reflector (a reflector constituted 

on the support, and a rough-surfaced light reflector laminated on the other side of t he 
, support) to roughed such as to be uneven, so that it reflects and scatters the incident light to an extent not ,mpa,nng the 

moSf in the specification of Japanese Patent Application Laid-Open No. 228887/1 988 (JP-A-63-228887)) or at the 
Photofabrication symposium 1 992 held by Japanese Society of Printing Science and Technology, there were presented 
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basic production techniques used in producing reflection-type liquid crystal display units, and a liquid crystal display unit 
utilizing a surface-roughed thin metal film as a bottom electrode whereby to prevent he occurence n tnln ? 
reflection (mirror reflection) and broaden the field of view of the display LuZ H^ sTs^ lZ' 
requ.res the utilization of high technologies, raising the production cost roughing 
5 [0010] incidentaify, in Japanese Patent Application Laid-Open No. 177106/1998 (J P-A- 10-1 771 06) is reciteda mir 
ror reflection-preventing technique comprised of forming a resist film on a reflector, patterning and defomn no the reTist" 
to provide specific convexes and concaves on the reflector. aerorming the resist 

[0011] Moreover, proposed as a substitute for the above-described technique of scattering light with a reflective 
electrode or a reflector is a technique of forming a light-scattering layer within a liquid crystal display unttFor examnTe 

cLmTcell'There l^T " '^^T^ *~ °" ^ h ~ r Side ° f 3 su P? ort * a P'** electmde" e w^in aTqufd 
wrthin Pr ° P t °f * ! Pr0C6SS Which 3 ^ Uid cr V sta) la V- - made so as be a dispersed system 

?Z 2 ^Z A Z«oZ7 3 P ° iymer are diS ? eraed ( Ja ? anese P^nt Application Laid-Open No 

258624/1994 (JP-A-6-258624); a process in which a transparent resin layer within which particulates ared^r^H 

» SrSS^^SS! on ? e ,iquid crystal side of a plate elec Jde ^tSSKSKS 

No 98452/1 995 (JP-A-7-98452)); and a process in which a light-scattering layer of a random-aligned liquid crvstalline 
po ymer ,s provided between a support having a transparent electrode and a liquid crystal layer (SneS ^S^oli 
cation Laid-Open No. 318926/1995 (JP-A-7-318926)). On the other hand, as a process of foS I « 
layer on the outside of a support of a plate electrode, i.e., outside of a liquid crystal cell theTSilJSSSS^ 
process ,n which a light-scattering layer within which two or more resins having d^^SS^SffSTSL 
» parsed in a state of phase separation is formed on a polarizing film laminated on the outside Tfp 0 ate eSrlZuto 
anese Patent Application Laid-Open No. 261 1 71/1 995 (JP-A-7-261 1 71 ) electrode (Jap- 

J^h refle ^ ion - tran f mi f "on-type liquid crystal display unit, there is known one with a partly transparent 
reflecting electrode, and one w,th a half-mirrored reflecting electrode. These reflection-transmission^ , ta2E22 
d.splay units are not only capable of reflecting incident light entered through the f io "«SK^o^^S2?J 

o^r^ 
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[0013] Incidentally, regarding the reflection- or reflection-transmission-type liquid crystal display unit for ™, 
where natural light, exterior light, or a front light is so feeble that sufficient brightness canno be 2tZc I q Jid cr^sTal 
dsplay devices equipped with a front light for temporally (for a short period of time) eompan^n?S^^S 
brightness were developed. Such front light is not only capable of illuminating the display eur^lfTn^^J 
play unit from its side but scattering the light over the entire surface uniformly. Q ^ 

[001 4] As the transmission-type liquid crystal display unit, besides typical TN (twist nematicl dtentaw , mite u ,»k „ 
polarizing plates, there have been known, as mentioned when referring to the refleSon ZlZT^TJ^um 

Sl^^^^ Un ? T diSP ' ay in PatenTApp q ,icat,^lXn N : 

I nht Hi.hrnf/ii , 5 d 3 transmiss,on -type liquid crystal display unit in which a circularly polarized 

[001 5] The front surfaces (image display surface, that is to say, the viewing-side surface) of theses liquid crystal die 
play units (e.g., reflection-type liquid crystal display units, reflection-transmission-type liquid c^dteZ untetareTn 
many cases provided with a touch panel as an input device. The touch panel is different : f romnon tranLT?l " 
devices such as keyboards, is usually provided on a display un*. Since the'touch paneTh" *.^Z3lSS25C 

fZ Z TTi * " P °!? ble f ° Sntire SCrSen ° f the t0UCh panel 33 an as --bhy of fnput keys tSffng a pro- 
gram under which, in combination with icons displayed on the surface of the liquid crystal display keys are set on the 

inoTth H 6 T PaneL ™? enab,eS ° perators to interactively work with ComputerLand inpu data by dimct touch 
mg on the display screen or with a pen. K y ulrt4CI| y roucn- 

[001 S] There have been known touch panels of optical type ultrasonin wauo n>na Q i^ r „^„« 
and of rp«5i<5t«nt iswor t,,r.« rv • type - ultrasonic wavs type, electrostatic capacitance type, 

and of restetant layer type. Of these, in view of adaptability to reflection -type liquid crystal display units and reflect ™ 
transm,ss,on-rype liquid crystal display units, thinner and lighter-weight touch pane! of low eectrie ZteT^tu^Z 
are advantageous, and those generally employed are touch panels of resistant layer *1 Pmte£ZT£ reSf™ 
type liquid crystal unit is, for being suitable as a display unit for a hand-held terminal such a a "ommun " 
cation tool for outdoor use, required to be of light-weight and low-power consumption communi- 
[0017] As to the touch panels of resistant layer type, there have been known analog touch panels that detect the 
coordinates or a pos.tion by mainly utilizing a potential gradient generated upon application of a volteqe to a reStln^ 
layer, and digital matrix-type touch panels in which each of a front base on the viewing-side anc la tack bas. nn th 

[0018] in the resistant layer-type touch panel, its base Is a plate of glass or a film (e.g., a plastic film). When both a 
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front base and a back base are used, combination examples of the materials thereof (material of front base/material of 
baS base) are- film/film, film/glass, and giass/g.ass. Although the materials of the bases (or plate or support) used ,n a 
Sauid cS display are a combination of a film and glass, a combination of films are employed when priority ,s ; given 
S?te n^rT^SSe.8 of the panel, and a combination of giass and giass when priority is given to the strength and 

transparency. . , 

r0019] However, when fabricating a touch panel, regardless of being analog or of digital matnx-type or of its base 
material combination it is necessary to form a pair of transparent conductive thin film layers facng each other. So that 
ZZ erSc* Tbeteen the transparent conductive layers and air reflect light, the transparency of the touch pane is 
deg ade?and the touch panel seems to be yellowish. In addition, light reflected by the touch pane (e.g., I . ht reflected 
atThe surface of the touch panel, light reflected at the interface between a transparent conducive layer and air lowers 
degree of v sibHitv of images down to an insufficient level. For example, the display surface will g are unless he 
amount o light to be mirror-reflected is reduced, and the sharpness of an image becomes poor (,n other words the 
^ge L blXd) as a result of doubfe-or multiple-imaging caused by reflected Sight that forms the same ■mage as that 

bilitv an input-side base of a touch panel is laminated with a phase-contrast plate and a polarizing pl ate m this order, 
and the tS panel thus fabricated is mounted on a liquid crystal display unit. In this device, Incident hght from outs,de 
Ts itearly poterized by the polarizing plate and then converted to circularly-polarized light by the phase-contrast plate. 
EvenTlteMK-poiaL* lighfis reflected at the surface of the liquid crystal display unit, the light cannot pass 
trough the SSg plate, because the phase of the light has been twisted (or deflected) by 90° when hneary polar- 
zed by the p P hase-contrast plate. As a result, the light reflected at the surface of the liquid crystal d.splay unit cannot 
escape through the surface, and the picture or image quality of the liquid crystal display dev,ce ,s improved. Further 
EST has been proposed a technique of improving the visibility and the picture quality of the transmission-type hqu.d 
crys^oTsplay devie by, in the case of a device being a combination of a transmission-type liquid crystal ^p ay dev^e 
IZ , toS ^anel mounted on the front surface of the liquid crystal display device, providing a sheet laminated with a 
oofariz ng Opiate an Ta phase-contrast plate on the touch panel. In such device, light enters the touch panel after being 
aSSSSSS and the light reflected by the touch panel is absorbed by the laminated sheet. As a resutt, the 
degree of r iecflon becomes lower, leading to improved picture or image quality. The technique disclosed by Japanese 
pXtAppIcation Laid-Open No. 142836/1999 <JP-A-1 1-1 42836) is a further evolved version of the above-described 
te^hntue n which the visibility of a reflection-lype liquid crystal color display unit (unit with a single polanzmg plate) ,s 
"proved Toy using a specific phase-contrast plate, which is for having circularly polarized light enter a liquid crystal 
3mh combination with a polarizing plate. In this technique, however, as the touch panel ,s repeatedly used the polar- 
izS Ite and me p^se-contrast plate get damaged and the picture quality is deteriorated. In addition, the use of a 
p uralS (2 to 3) of phase-contrast plates different in retardation is required for realizing favorable c.rcuiar po^ization 
oveT he range of wavelengths of visible radiation. In these devices, the polarizing plate absorbs light reflected by he 
touch I pane" and p^TntS the glare of the display surface, but has drawbacks of impairing the brightness of the display 
surface and consequently lowering the luminance of the touch panel. 

SUMMARY OF THE INVENTION 

r0021l Thus an object of the present invention is to provide a touch panel excellent in the visibility of displayed 
mages and a liquid crystal display device using the touch panel (particularly, a liquid crystal display dev^e compnsmg 
a reflection-type liquid crystal display unit or a reflection-transmission-type liquid crystal display unit). 
mom P Another object of the present invention is to provide a touch panel capable of improv.ng the brightness of 
displayed images and sharpness or antidazzle properties, or preventing the double (or murtiple)-image formation, and 
a linuid crystal display device using the touch panel. 

'Q0231 Still another object of the present invention is to provide a touch panel the image quality of when is not 
dearaaed even if the panel is repeatedly used, and a liquid crystal display device using the touch panel 
ST Another object of the present invention is to provide a thin liquid crystal display device > excellent : m v.sib ity 
0025 The inventors of the present invention made Intensive studies to achieve the above objects, and found that 
he visibility of a touch panel can be improved by rendering the touch panel light-scatterable, or providing a polarized 
Hght separation layer transmittabie of circularly polarized light of certain handedness. The present invention was accom- 

olished based on the above findings. . , tQe . 

?G0261 T ha t is the touch panel of the present invention is a touch panel compnsmg a pair of substrates (plates) 
• each composed of at least, a transparent conductive layer and a base, and the pair of substrates (plates) arearranged 
such that the substrates (plates) are spaced apart and the transparent conductive layers face each other. . he toucn 
panel of the present invention has at least one feature selected from those listed below. 
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(1) At least one of the substrates (plates) is light-scatterable. 

(2) A polarized light separation layer capable of transmitting circularly polarized light of certain handedness is ore 
v,ded , n front of the transparent conductive layer of the substrate for touch input (Input-side substrate) 

5 [0027] The substrate may have a light-scattering layer. The base may solely be constituted of a liaht-scatterinn 
layer, or may be a laminate of a light-scattering layer and a base sheet. The substrate maybe Sninated ^STSSi 
having a light-scattering layer. Moreover, the light-scattering layer may be provided on the input-sTbSe rthe base o 
the ,n P ut-s,de substrate) or polarized light separation layer. The light-scattering layer may be pes Sone^i from of thi 
polanzed light separation layer. The light-scatterable (or -scattering) substrate (plates) may be caoable of IriS h! 
10 such that light is scattered at a scattering angle of 3 to 60°. The polarized lighT eparaln JSS^J? 

300 to 900 nm. On an element or member posterior to the polarized light separation layer (a a oosterior to 

t P rl e l COn TH CtiV H e ' ayer ° f n0n - inpUt - S ' de base ^ base ° f the opposJsubst^teCy beCed a phl^on-" 
, 5 ™ * '2 ri" « Phas rt e - C ° ntrast , la y er ma V b * ^ laminate comprised of a layer producing a phase difference of 1 00 To 200 
15 nm, and a layer producing a phase difference of 200 to 400 nm. 

[0028J The light-scattering layer comprises at least a resin component, and mav comDrise a nlnraiitv nf » 
having different indexes of refraction. The light-scattering layer may have a pS^^S^tSSSS 
The difference ,n index of refraction between the pluralrty of components may be about 0 01 to o¥ j£e 
layer may have an isotropic bicontinous phase structure. Further, the light-scattering layer may hfve a partLlateJr 
stance a | C ° mp ° nent in the form ° f P"**-*- (a resin in the form of partio^ 3^^^ 

stance n the form of particulates) is dispersed in a transparent base resin, the particulates having an index of reSton 
drfferen from that of the transparent base resin. A layer having the above-mentioned particuliXe^ed^ST" 
coCneT " 3 f ° rmin9 Pr ° CeSS 3 m ° ,ten therm ° p,aStic «™<™* ^seresin *Z^Z 9 SS2 

' 5 S°! 91 , ThS , Pr6Sent invention inciudes a 1 Wd Cf ystal display device comprised of a liquid crystal disolav unit and 
the touch panel mounted on the front surface of the display unit. Incidentally, in the cas o 'tne SSoS 
panel with a phase contrast- or phase difference-producinq layer the touch canel ran ,,.J7i„ mentioned touch 
liquid crysta, display un, of which the surface is provided wfth ^LK^^^^J^ ^ 3 

E L,! " ' n tf !f SpedfiCati0n of the P resent inv -tion, the term "substrate (plate)" reS nS only to a lam- 

ESiZfr T^ 6 ? 3 6 3 trans P arent conductive ■»*' but also to a laminate composed oTthe baS 
the transparent conductive layer, and a light-scattering sheet and/or a polarized light separation layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

SUnuS. 16 are SCh6matiC SeCti ° nal Vi6WS SaCh i,,UStrating ° ne embodi — t touch pane. 
[0032] Figure 5 is a schematic sectional view illustrating the touch panel of Example 2. Figure 7 is a schematic ser 
tional v,ew showing the touch panel of Example 4. Figure 8 is a schematic sectional view llluSnq" e T^in?S 
Example 5 Figure 20 is a schematic sectional view illustrating the touch pane, of Exempt 1 a T^XtSSH 
sectional v.ew lustratmg the touch panel of Comparative Example 1 . Figure 9 is a schematic section Jview ZZTa 
^T^4 0mParat,V6 EXamP ' e 2 ' Fi9Ure 1 9 iS 3 SChSmatiC SeCtl ° nal Vi6W the touch oTSm 9 

Sg, devicronLVre'seTtlnltn^n^ 6 ^ 10 * M ^ ~ h "^^^ « ^ b0di ™< - «- liquid crysta. 
[00341 Figure 1 0 is a schematic sectional view illustrating the liquid crystal display device of Examole 6 Roura 1 <? 
' S a schematlc sectionai ™« "'^rating the liquid crystal display device of Example 7 Ftou L 2^ ^hLX Ll 

henoul^ f I?" 9 , the J iqUld CrySt3 ' diSp,ay d6Vtoe of Exam P' a 1 1 ■ ^ure 23 is a'schemalc Seconal vTe^lstratfng 
the l-quid crystal d.splay device of Example 12. Figure 11 is a schematic sectional view illustrating the Hau^STdfe 
play device of Comparative Example 3 Figure 22 is a schempfir <s™*Mnn«i ■» ' . , q ^ 

50 device of Comparative Example 5. schemata sectiona, view illustrating the liquid crystal display 

[0035] Figure 13 is a schematic perspective view illustrating one embodiment of the substrate Figure 1 4 is a sche 
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DETAILED DESCRIPTION OF THE INVENTION 



[Touch Panel] 

[0036] The touch panel is fabricated by arranging a pair of substrates each composed of at least, a transparent 
conductive layer and a base such that the substrates are spaced apart and the transparent conductive layers face each 
Sher tso*H a^acer therebetween). The touch panel has at least one feature selected from those hsted below. 

m At least one of the substrates is light-scatterable. 

2 A polarized light separation layer capable of transmitting circularly polarized light of certain handedness is pro- 
vided in front of the transparent conductive layer of the input-side substrate for touch input. 

ro0371 With such features, the visibility of the touch panel is remarkably improved. Particularly, a light-scatterable 
or -scattering) substrate can prevent the occurrence of mirror reflection, and suitably scatters reflected light. Moreover, 
the ^ ofa liquid crystal display device composed of a touch panel provided with a polarized hght separation layer 
mat i Tl polarized lighT separation layer which transmits circularly polarized light of certain handedness and reflects 
circuity polarized light of the opposite handedness) and a liquid crystal display unit, even ,f circularly polarized hght 
^S^Tgh the polarized Hght separation layer is mirror-reflected at the front surface of the Hqu.d crystal d.splay 
uTmost of the reflected light is re-reflected at the polarized light separation layer, so that the occurrence of double- 
imaqinq is highly prevented, if the transmitted light was reflected at the back surface of the liquid crystal d.splay unit the 
rTSd nghfvXll be converted by the liquid crystal into light capable of passing through the polarized hght separation 

[o038? H.«2S; these touch panels will be described in further detail with reference to the attached drawing^ 
[0039] Figures 3 and 6 are schematic sectional views each showing one embodiment of the touch panel of the 
Dresent invention These are embodiments of the touch panel having feature (1 ). 

SZ? T!he embodiment of Figure 3, substrates (5a, 5b) composed of light-scattering layers (3a 3b) as bases and 
thin-film layers (4a, 4b) of indium tin oxide (ITO) as transparent conductive layers are arranged such that the thin-film 
layers 4a and 4b face each other with a spacer 6 therebetween for keeping the substrates spaced apart. 
00411 in Figure 6 bases are composed of light-scattering layers (3c, 3d) and base sheets (16c, 16d). Substrates 
5e and 5f composed of theses bases and ITO thin-film layers (4a, 4b) as transparent conductive layers are arranged 
such that the thin-film layers 4a and 4b face each other with a spacer 6 therebetween. 

roo421 in these touch panels, the front side (input-side) light-scatterable substrate is capable of scattering reflected 
ight efficiently, because, before reaching the back side substrate, light entered the panel through the front surface Is 
inhibited from being mirror-reflected at the interfaces between the transparent conductive layers and a layer of air. More- 
over the back side (non-input side) light-scatterable substrate, when the touch panel is mounted on the liquid crystal 
display unit that will later be described, scatters light reflected by the display unit. 

ro0431 In an embodiment of the touch panel having feature (2), in the pair of substrates constituting the touch panel 
one is an input-side substrate for touch input, and the other is a non-input-side substrate), the lnput-s.de substrate is 
provided with a polarized light separation layer capable of transmitting circularly polarized light of certain handedness 
such that the polarized light separation layer is located in front of the transparent conductive layer of the input-s.de sub- 
Itraritidentally, in the case where a polarized light separation layer is provided, the term "substrate" should some- 
times be construed as encompassing a substrate comprising the polarized light separation layer. 
r0 0441 Such touch panel includes: (A) a touch panel provided with the above-described polarized Hght separation 
layer hereinafter, referred to as a circularly polarized light transmission-type touch panel); (B) a touch panel using a 
combination of the above-described polarized light separation layer and a phase-contrast layer for converting light from 
the polarized light separation layer into linearly polarized light (hereinafter, referred to as a linearly polarized Jght trans- 
mission -tvoe touch panel)- and others. As will be described below, the circularly poianzeo light transmission-type touch 
panel can be used in combination with a liquid crystal display unit provided with either a phase-contrast plate or a polar- 
La Plate (or neither a phase-contrast plate nor a polarizing plate) to constitute a liquid crystal display dev.ce. A liquid 
crystal display unit to be used in combination with the linearly polarized light transmission-type touch pane! is not 
restricted to a display unit of the type provided with either a phase-contrast plate or a polarizing plate (or neither a 
phase-contrast plate nor a polarizing plate), and any liquid crystal display unit can be used in comb.nat.on with the touch 
panel to constitute a liquid crystal display device. 

r0045] Fgure 15 is a schematic sectional view showing one embodiment of the circularly polarized light transmis- 
sion-type touch panel. In this embodiment, the touch panel is composed of: a plastic base 16e (input-side base); a plas- 
tic base 1 6f (non-input-side base) opposed to and spaced apart from the base 1 6e; and a spacer 6 for separating these 
bases Of the surfaces of the bases 16e and 16f, the surfaces in face-to-face relation are provided with thin film layers 
4a and 4b of indium tin oxide (ITO) as transparent conductive layers. The front surface of the input-side plastc base 1 6e 
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.s prov ded wrth a Poland light separation layer 33 (e.g., a circularly polarized light dichroic optica, element) In this 
case, ,t can be sa.d that the mput-side substrate is composed of the base 1 6e, the thin film layer 4a and the polarized 
ght separation layer 33, and that the non-input-side substrate is composed of the base 1 6f and the Z , fflm C 4b 
, n^h 1 T SUCh ( t0 " Ch panel " of of »9 ht < natural «9ht) entered through the input-side surface (input screen) of the 
T P T, *k Cl 3rly POlanZed " 9ht ° f 3 C8rtain handedn ^ (e.g., left circularly polarized light is reflected at he 
polarized hght separation layer 33, and circularly polarized light of the opposite handedness (e.g right Sc5£ polar 

9 TT thrOU9 " P ° lariZed ' ight Separati0n layer 3a ,f the circulari * ?°< a ^ »9ht of a 
which se.ect.vely passed through the polarized light separation layer was reflected at the interfaces between bac^rd 
elements (or members) (e.g., the interface between the transparent conductive thin film layer 4a on th^nput side and 
W ar ' tle mterface between the transparent conductive layer 4b and air; the interface between he In Lut 

side ransparent conductive layer 4b and the base 1 6f), most (or all) of the reflected light will be re rioted at the Z 
•zed ,ght separation layer, for the handedness of the circularly polarized light has been reversed (e.g., to left dreulaX 

oLToanf :f leCt9d - Ther 1 0re ' ref,eCted light iS Prevented from through the inp Screen o the 

is panel double-,ma gi ng or glare is highly prevented. This leads to an improvement oitoe visibility of the touch 

[0047] As the circularly polarized light dichroic optical element constituting the polarized light separation laver for 
example, a layer havmg a choiesterte liquid crystal phase and capable of reflecting circular* polrLeJ S of tn^same 
handedness as that of the liquid crystal phase may be used. An example of such layer is ^37^ 

20 S^I 'r^?^ P °' ymer) diSC,0S6d by JaDanese Patent A PP»-tio" Taid-O^tn wo 
20 133810/1997 (JP-A-9-133810), the liquid crystal polymer layer having a Grandjean-aliqned cholesterir Hn^rt 
phase. Grandjean-aligned cellulose-series cho.esteric liquid crystal phases ^Toe^T ' 
[0048] By using a combination of liquid crystal polymer layers having different selective reflection wavelenaths (e a 
a combmat.on of three layers that selectively reflect rays in red, green and blue regions), the polarized S separSion 

[0049] Figure 16 is a schematic sectional view showing one embodiment of the linearly polarized light transmission 
type touch pane The touch pane, is configured by providing the touch panel 1 i of Figure 4 wfth S££Z?Z£ 
34 (1/4 wave plate) such that the layer 34 is located posterior to the non-input-side base 16f of the pan!" 23, 
phase-contrast ayer 34 positioned posterior to the polarized light separation layer 33 (circularly plrized igh^chrot 
ophcal element), circularly polarized light passed through the polarized light separation layer 33 Is converted into linl 
ariy po anzed I light. Therefore, as will later be described, this touch panel can be'used in combfna fon wTtf a SS2Z 
ta display urn (e.g.. reflection-type liquid crystal display unit) having a polarizing plate on its front surface cSutTna 

J*2Z™*S. device with exce,lent lmage sharpness and improved J ^ - a ™* or P Z%Z n TS- 

[0050] The phase-contrast layer is not restricted to the 1/4 wave plate, and need only be a layer capable of convert 
,ng c.rcu arly polarized light into linearly polarized light For example, the phase-contrasi ,ayer Z £T ^lamlte com 

SI ?/ ^ P ?t^?\l Ph3Se diffSrenCe ° f 50 t0 200 nm (preferably ' 100 t0 200 "So an^a tayer p educing a 
phase difference of 100 to 500 nm (preferably, 200 to 400 nm). Of these, such a laminate as that ^Sm^TZl Ln 

convert circularly polarized light of almost al, wavelengths into linearly polarized ligh provided ThaMhT ight is a « 

nm end T " ^ ^T™* ^ " * C ° mp ° Sed ° f 3 produc «"9 a phase di£ ence o 00 to 200 

nm and a layer producing a phase difference of 200 to 400 nm. 

[0051] The phase difference (R: retardation) can be determined utilizing the following formula: 



45 



R = An x d 



, r " h Tl T e ! entS the Direfnn 9ence of a layer, and d represents the thickness of the layer 
t 00o2] In these touch panels (e.g., circularly polarized light transmission-type touch panel linearly polarized Itaht 
ransmission-type touch panel), the polarized light separation layer need only be provided to front of EES sfde 
transparent conductive layer 4a. For example, the polarized light separation layer may be pomo^^en^^ 
so side transparent conductive layer 4a and the base 1 6e. oeiween tne mput- 

[0053] Moreover, the phase-contrast layer is provided on an element or member posterior to the non-input-side 
tansnaren conducive layer. Providing one of the bases with the polarized light separation layer and the ot"er w^h toe 



55 



(Light Scattering layer) 

[0054] in the touch panel of the present invention, at least one of the pair of substrates (plates) constituting the 
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touch pane! may be light-scatterable. The substrate may be made light-scatterable by being provided with a "'Jt-scat- 
tering layer. For example, the base may be a sheet having light-scattering properties (e.g., a sheet solely c°nstrtutec I of 
a nght scattering layer, a light-scattering sheet being a laminate of a light-scattenng layer and a base sheet), and on he 
base may be laminated the light-scattering sheet. The light-scattering layer need only be formed at least one side of the 
substrate For example, the light-scattering layer may be laminated on the other surface where no transparent conduc- 
ivefaTer as an Electrode or a resistant layer is formed. Such light-scattering or -scatterable substrate scatters reflected 
liaht reducing the amount of light to be mirror-reflected. This as a result prevents the occurrence of the dazzle (or glare 
o? the panel surface caused by mirror-reflected incident light. In addition, so that the light-scatterable (or -scattering) 
substrL is capable of scattering reflected light at a wide scattering angle, brightness of the pane! as a whole » 
improved. 

F00551 In the case of the touch panel (2), although there is no need for the polarized light separation layer to be 
used in combination with the light-scattering sheet, when used 'ncom^^ 

polarized light reflected at the separation layer is suitably scattered by the sheet, so that the visibility is further improved. 
Also instead of utilizing the light-scattering sheet, the input screen may be made uneven 

roosei In the case where the polarized light separation layer and the light-scattenng sheet are used in combination, 
the liaht-scatterinq layer may be provided on the input screen of the touch panel. For example, the light-scattering sheet 
may be p^ded on Te input-side base or the polarized light separation layer, .t is preferred that the light-scattenng 
sTeet is provided in front of the polarized light separation layer. For example, if the polarized light separation layer is 
formed on the front surface of the input-side base, the light-scattering sheet is positioned in front of the polarized light 
separation layer i e nearer to the input screen. If the polarized light separation layer is provided on the reverse side of 
it is possible to provide the light-scattering layer on the front surface of the input-side base or 
between the input-side base and the polarized light separation layer. In the latter case, as in the case of the touch panel 
with feature (1) the light-scattering sheet may be provided (laminated) on the input-side base, or the light-scattering 
sheet itself (a sheet solely consisting of a light-scattering layer, or a laminate composed of a light-scattering layer and 

a base sheet) may constitute the input-side base. , _ „„ te 

r00571 In the touch panel of the present invention, the light-scattering layer comprises a plurality of components 

solid components such as resin component and inorganic component) having different indexes of refraction and usu- 
ally has a phase-separated structure. So that the light-scattering layer has a phase-separated structure, mcident light 
S prevented ^rom Zng scattered backward (the direction opposite to the direction in which the incident light travels) 

(backward scattering), and scattered in the direction of travel (forward scattering) 

SKT The difference in index of refraction is not particularly restricted, but at least two of all the components form- 
ing a phase-separated structure may be different in index of refraction by about 0.01 to 0.2, preferably by about 0.1 to 



r00591 Exemplified as the resin component are styrenic resins, (meth)acrylic resins, vinyl ester-series resins, vinyl 
ether-series resins, halogen-containing resins, olefinic resins, polycarbonate-series resins, polyester-senes res.ns 
polyamide-series resins, thermoplastic polyurethane resins, polysulfone-series resins [homopoiymers of sutfones such 
as dihalodiphenylsulfone (polyethersulfone), copolymers of the sulfones and aromatic diols such as bisphenol A (e.g., 
polyenes)], pdyphenylene ether-series resins (e.g., polymers of phenols, such as 2,6-xylenol), cellulose derivat.ves 
(eq cellulose esters, cellulose carbamates, cellulose ethers), silicone-series resins (e.g., polydimethylsiloxane, 
po^methylphenylsiloxane), and rubbers or elastomers (e.g., diene-series rubbers such as polybutadiene and poly.so- 
prene, styrene-butadiene copolymer, acrylonitrile-butadiene copolymer, acrylic rubber, urethane rubber, silicone rub- 

rooeoi included among the styrenic resins are homo- or copolymers of styrenic monomers (e.g., polystyrene, sty- 
rene-a-methylstyrene copolymer, styrene-vinyltoluene copolymer), and copolymers of a styrenic monomer and another 
polymerizable monomer [e.g., (meth)acrylic monomers, maleic anhydride, maleimide-series monomers, dienes). 
Examples of the styrenic copolymers are styrene-acrylonitrile copolymer (AS resin), copolymers of styrene and a 
(meth)acrviic monomer [e.g., styrene-methyl methacrylate copolymer, styrene-methyl methacrylate-(meth)acrylic acid 
ester copolymers styrene-methyl methacrylate-(meth)acrylic acid copolymers], and styrene-maleic anhydride copoly- 
mer Included amcnq the preferred styrenic resins are polystyrenes, copolymers of styrene and a (meth)acryhc mono- 
mer (e.g., copolymers the main components of which are styrene and methyl methacrylate, such as styrene-methyl 
methacrvlate copo !ymer), AS resin, and styrene-butadiene copolymer. 

ro0611 Exemplified as the (meth)acryilc resins are homo-or copolymers of (meth)acrylic monomers, and copoly- 
mers of a (meth)acrylic monomer and copolymerizable monomer. Examples of the (meth)acrylic monomers are C,. 
. 0 alkyl (meth)acrylates such as methyl (meth) aery late, ethyl (meth)acrylate. butyl (meth)acrylate, t-butyl (meth)acrylate 
hexyl (meth)acrylate, and 2-ethylhexyl (methacrylate; aryl (meth)acrylates such as phenyl (meth)acrylate; hydroxys kyl 
(meth acrylates such as hydroxyethyl (meth)acrylate and hydroxypropyl (meth)acrylate; glycidyl (methjacrylates; N N- 
dialkyiaminoalkyl (meth)acrylates; and (meth)acrylonitrile. Exemplified as the copolymerizable monomers are the 
above-mentioned styrenic monomers, vinyl ester-series monomers, maleic anhydride, maleic acid, and fumanc acid. 
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These monomers can be used either singly or in combination. 

[0062] Exemplified as the (meth)acrylic resins are poly(meth)acrylates such as polymethyl methacrylate- methyl 
methacrylate-(meth)acrylic acid copolymer; methyl methacrylate-acrylate-(meth)acrylic acid copolymers- methyl meth- 
acry!ate-(meth)acrylate copolymers; and (meth)acrylic acid ester-stvrene copolymers (e g MS r SS irO IncludeC I —ona 
the preferred (meth) acrylic resins are polyC 15 alkyl (meth)acrylates such as polymethyl (meth)acrytate 
[0063] Exemplified as the vinyl ester-series resins are homo- or copolymers of vinyl ester-series monomers (e a 
polyvinyl acetate, polyvinyl propionate); and copolymers of a vinyi ester-series monomer and a copolymerizable mon- 
omer (e g., vmyl acetate-vinyl chloride copolymer, vinyl acetate- (meth) acrylic acid ester copolymer) and derivatives 
thereof. Included among the derivatives of the vinyl ester-series resins are polyvinyl alcohol, ethylene-vinyl alcohol 
copolymer and polyvinyl acetal resin. y 
[0064] Examples of the vinyl ether-series resins are homo-or copolymers of vinyl C^^alkyl ethers; and copolymers 
of a vinyl C, 10 alkyl ether and a copolymerizable monomer (e.g., vinyl alkyl ether-maleic anhydride copolymers^ 
[0065] Exemplified as the halogen-containing resins are polyvinyl chloride, polyvinylidene fluoride vinyl chiortde- 
vinyl acetate copolymer, vinyl chloride-(meth)acrylate copolymers, and vinylidene chloride-(meth)acrylate copolymer* 
[0086] Included among the oiefinic resins are homopolymers of olefins such as polyethylene and polypropylene-" 
and copolymers such as ethylene-vinyi acetate copolymer, ethylene-(meth)acrylic acid copolymer and ethylene- 
(meth)acrylate copolymers. y 

[0067] Included among the polycarbonate-series resins are bisphenol-based (e.g., bisphenol A-based) aromatic 
polycarbonates; and aliphatic polycarbonates such as diethylene glycol bisallyl carbonate. 

[0068] Included among the polyester-series resins are aromatic polyesters using aromatic dicarboxylic acids such 
as terephthalic acid (e.g., homopolyesters of polyC 2 . 4 alkylene terephthalates (such as polyethylene terephthalate and 
polybutylene terephthalate) or polyC 2 . 4 alkylene naphthalates; copolyesters containing a C 2 4 alkylene terephthalate 
and/or a C 2 . 4 alkylene naphthalate unit as a main component (e.g., 50% by weight); and aliphatic polyesters using 
ahphatic dicarboxyhc acids such as adipic acid. The polyester-series resins include homo- or copolymers of lactones 
such as e-caprolactone. 

[0069] Exemplified as the polyamide-series resins are aliphatic polyamides such as nylon 46, nylon 6 nylon 66 
nylon 610, nylon 612, nylon 1 1 , and nylon 12; and polyamides obtained from dicarboxylic acids (e.g., terephihalic acid' 
isophthahc add, adipic acid) and diamines (e.g., hexamethylenediamine, methaxylylenediamine) The polyamide- 
ser.es res.ns may be homo- or copolymers of lactam such as e-caprolactam, and may be copolyamides, not restricted 
to homopolyamides. 

[0070] Of the cellulose derivatives, exemplified as the cellulose esters are aliphatic organic acid esters (e g cellu- 
lose acetates such as cellulose diacetate and cellulose triacetate; organic acid esters such as cellulose propion- 
ate, cellulose butylate, cellulose acetate propionate, and cellulose acetate butylate); aromatic organic acid esters (e q 
C 7 . 12 aromahc carboxylic acid esters such as cellulose phthalate and cellulose benzoate); and inorganic acid estere 
(e.g., cellulose phosphate, cellulose sulfate). Esters of mixed acids, such as esters of acetic acid/nitric acid and cellu- 
lose, can also be used. Included among the cellulose derivatives are cellulose carbamates (e.g., cellulose phenyl car- 
bamate) and cellulose ethers (e.g., cyanoethylcellulose; hydroxy-C^alkylcelluioses such as hydroxyethylcellulose and 
hydroxypropylcellulose; C^alkylcelluloses such as methylcellulose and ethylcellulose; carboxymethylcellulose and 
salts thereof, benzylcellulose. and acetylalkytcellulose). 

[0071] As the inorganic component, a transparent or semi-transparent inorganic component can be used exam- 
ples of whtch are silicon oxides (e.g., glass, particularly no-alkali glass); inoragnic oxides such as zirconium oxide alu- 
immium oxide, z.nc oxide, and mica; inorganic nitrides such as boron nitride; and inorganic halides such as calcium 
fluoride and magnesium fluoride. The inorganic component may be a composite material being a combination of two or 
more. For example, use can be made of a composite material of mica and boron nitride 

[0072] The light-scattering layer comprises at least the resin component. For example, the light-scattering layer 
may be compr.sed of a plurality of resin components, or of one or a plurality of resin components and an inorganic com- 

[0073] The phase-separated structure of the light-scattering layer may be an isotropic bicontinuous phase structure 
or a particulates-dispersed structure. The brightness of the touch panel surface is improved over a wide ranae of field 
of view oy rorming a light-scattering layer having a bicontinuous phase structure or a specific particulates-dispersed 
structure, for such light-scattering layer gives directivity to reflected light. Incidentally, the bicontinuous phase structure 
13 SO, ' iet " r,es referred to as bicontinuous structure" or "a three-dimensionally continuous or connected structure" and 
usually means that a plurality of resin components (not limited to two components) constitute the structure and the 
phases of these constitutive polymers are individually continuous. So that the degree of anisotropy within the sheet is 
reduced, the bicontinuous phase structure of the light-scattering layer is practically isotropic, in other words the size 
(average pnase or domain distance) of each continuous phase forming the phase-separated structure is even if meas- 
ured in any direction within the sheet, approximately the same. In the specification, the term "bicontinuous phase struc- 
ture also means an intermediate structure being a coexistent state of a bicontinuous phase structure and a drop phase 
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structure (independent or isoiated-phase structure). 

[00741 The bicontinuous phase structure is not only capable of giving higher light-scattering properties to the light- 
scattering layer but raising (e.g., maximizing) the intensity of light to be scattered at certain angles, so that high direc- 
tivity is given to the scattered light. Therefore, in the case of the fabrication of a reflection-type liquid crystal display 
device or a reflection-transmission-type liquid crystal display device using a touch panel having this light-scattering 
layer, it is possible to efficiently utilize such a light source as exterior light or a front light by adjusting the desired char- 
acteristics related to the field of view and the angle of directivity of scattered light 

[0075] In the case of the light-scattering layer having a bicontinuous phase structure, included among the preferred 
resins are styrenic resins, (meth)acrylic resins, vinyl ether-series resins, halogen-containing resins, polycarbonate- 
series resins, polyester-series resins, polyamide-series resins, cellulose derivatives, silicone-series resins, and rubber 

or elastomers. . . . j _. . , 

[0076] Of these resins in order to form a bicontinuous phase structure, there is used a combination of polymers 
which exhibit both compatibility and incompatibility (phase separation) at or above their glass transition temperatures. 
For example use can be made of: a combination of polymers which is a coexistent system of high temperature phase- 
separated type (lower critical solution temperature; LCST-type), the polymers being compatible with each other at low 
temperatures but incompatible at high temperatures; or a combination of polymers which is a coexistent system of low 
temperature phase-separated type (upper critical solution temperature; UCST-type), the polymers being incompatible 
with each other at low temperatures but compatible at high temperatures. The bicontinuous phase structure can be 
formed by suitably adjusting the phase-separated structure of a resin composition (e.g., a resin composition in the form 
of a sheet) of the UCST or LCST type through spinodal decomposition. 

[0077] When the combination of polymer is a combination of a first polymer and a second polymer, the species 
thereof are not particularly restricted. For example, when the first polymers is a styrenic resin (e.g., polystyrenes, sty- 
rene-acrylonitrile copolymer), the second polymer may be a polycarbonate-series resin, a (meth)acryiic resin, a vinyl 
ether-series resin, a rubber, or an elastomer. 

[0078] The ratio of the first polymer to the second polymer is, for example, about 1 0/90 to 90/1 0 (weight ratio), pref- 
erably about 20/80 to 80/20 (weight ratio), more preferably about 30/70 to 70/30 (weight ratio), and particularly about 
40/60 to 60/40 (weight ratio). When the polymers are in an extremely ill-balanced ratio, upon the formation of a bicon- 
tinuous phase by spinodal decomposition, one of the polymer phases is liable to be non-continuous. This leads to a fail- 
ure in giving directivity to scattered light. 

[0079] The average phase (domain) distance of the bicontinuous phase is, for example, about t to 20 urn, prefera- 
bly about 2 to 15 urn, » nd more preferably about 2 to 10 |im. 

[0080] Incidentally, the phase distance (the distance between the same phase) is measured by the image process- 
ing of a photomicrograph (e.g., a cofocal laser microscope). Moreover, it is also possible to obtain the phase distance 
■<f by in the same manner as the manner of evaluating the directivity of scattered light which will later be described, 
measuring the scattering angle e at which the intensity of scattered light becomes maximum, and utilizing the following 
formula of Bragg reflection conditions: 

2d • sin(0/2) = X 

wherein "d" represents the phase distance, 9 represents the scattering angle, and X represents the wavelength 

[0081] The thickness of the light-scattering layer having a bicontinuous phase is, for example, about 1 to 100 urn, 
preferably about 1 to 50 \xm, and more preferably about 1 to 30 jim. 

[0082] On the other hand, the light-scattering layer having a particuiates-dispersed structure comprises a transpar- 
ent base resin and a particulate component (a resin in the form of particulates, an inorganic substance in the form of 
particulates) dispersed in the transparent base resin, the index of refraction of the particulate component being different 
from that of the transparent base resin. 

[0083] Examples of the resins that form the preferred transparent base resin and the particulate component are sty- 
renic resins (e.g., polystyrenes), (meth)acrylic resins, oiefinic resins (e.g., polyethylene, polypropylene), polycarbonate- 
series resins polyester-series resins, poiysulfone-series resins, polyamide-series resins (e.g., nylon 6, nylon 12, nylon 
612) and cellulose derivatives (e.g., cellulose acetate), in many cases, thermoplastic resins are used for forming the 
transparent base resin and the resin particulates (particularly, transparent base resin). 
[0084] The inorganic particulates can be made of any of the aforementioned inorganic components. 
[0085] in the case of the light scattering layer having a particuiates-dispersed structure, although the layer is highly 
iight-scatterable, its light-scattering properties are in some cases degraded as the scattering angle becomes broader. 
That is since the distribution of scattered light is similar to the Gaussian distribution, as the scattering angle becomes 
broader, the intensity of scattered light as a whole sometimes decreases. This may result in deterioration in brightness 
of the display surface. Therefore, the difference in index of refraction between the transparent base resin and the par™ 
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ticulate component (e.g., resin particulates, inorganic particulates), the particle size of the particulate component the 
! P '° pOrti0n of the P articu lates relative to the base resin (particle density), or others may suitably be adjusted to 
inhibit the back scattering and, consequently, give directivity to scattered light. 

[0086] When giving directivity to scattered light, the difference in index of refraction between the particulate com- 
ponent and the transparent base resin is, for example, about 0. 01 to 0.06, preferably about 0.01 to 0 05 and more pref- 
erably about 0.01 to 0.04. ' ' F 

fto 20 um mean Partfcle SiZS ° f partiCU ' ate com P° nent ma V f °r example be about 0. 1 to 1 00 urn, and preferably 
[0088] The ratio of the particulate component to the transparent base resin is, for example, about 1 0/90 to 90/1 0 
weight ratio) preferably about 15/85 to 60/40 (weight ratio), and more preferably about 15/85 to 40/60 (weight ratio) 
[0089] The average particle density (the proportion of the particulates relative to the base resin) of the particulate 
^SSX eXamP ' e ^ ab0Ut 1 t0 particulates/cm3 )' and Preferably about 4 to 80 (10™ particu- 

[0090] The average particle density (the proportion of the particulates relative to the base resin) can be calculated 
by measuring the mean particle size and utilizing the following formula (I): 

Average particle density (the number of particulates/cm 3 ) = 1 cm 3 x Vs/[(4/3)jt (Ds x 1 0 4 /2) 3 ] (|) 

wherein Vs represents the proportion of the particulate component in the light-scattering layer (volume basis) % 
denotes the pie, and Ds represents the mean particle size (urn) of the particulate component 

[0091] The thickness of the light-scattering layer having a particulates-dispersed structure is, for example about 1 
to 400 urn, preferably about 1 0 to 300 jum, and more preferably about 50 to 200 urn 

[0092] In the case of the light-scattering layer having a bicontinuous phase structure, the base is in many cases 
IZlZt t a J lght - S l Cattering I***' and a base sheet. In this case, even if the light-scattering layer is thin, lamination 
of the light-scattering layer on the base sheet gives suitable strength to the base. In the case of the light-scatterinq laver 
™TJ 3 P a «/ u culates - dis P ersed structure, the base is in many cases solely constituted of a light-scattering layer 
[0093] When constituting the base using a light-scattering sheet, for example, the base solely constituted of a liqht- 
scattermg layer can be obtained by shaping the composition (particularly, the resin composition) of the light-scatterinq 
layer Mo a sheet Moreover, the base composed of a base sheet and a light scattering layer can be obtSSjEJ 
nating the base sheet with the above-mentioned composition by coating or other means 

[0094] In further detail, when the light-scattering layer has a bicontinuous phase structure, the base can be formed 
by shaping a resin composition composed of a plurality of resins different in index of refraction into a sheet subiectino 
the sheet to sp.nodal decomposition, and fixing the isotropic phase-separated structure thus induced Moreover the 
base can also be formed by coating or melt-laminating the surface of a base sheet with the above-mentioned resin com- 
position, and subjecting the laminated sheet, after being dried if necessary, to spinodal decomposition 
[0095] The spinodal decomposition can be effected by heating the resin composition layer (or sheet) to phase sep- 
aration, the temperature for spinodal decomposition being not lower than the glass transition temperatures of the poly- 
mers and LCST but not higher than UCST (e.g., about 80 to 380°C, preferably about 140 to 300 °C). In the spinodal 
decomposition, as the phase separation proceeds, due to the action of surface tension, the polymer phases begin to 
form a bicontinous phase structure. With further appiication of heat, the continuous phases become non-continuous by 
the action of their own surface tensions, forming a drop phase structure (e.g., an islands-in-the-sea structure containing 
independent phases ,n ball-like or spherical shape). Therefore, a phase structure in a transitional state from the bicTn 
tinuous phase to the drop phase (i.e., intermediate structure of the bicontinuous phase structure and the drop phase 
structure) can also be formed by varying the degree of phase separation. 

[0096] The isotropic bicontinuous phase structure (or the intermediate structure of a bicontinuous phase stn.or.im 
and a drop structure) of the sheet (base) thus formed through spinodal decomposition can be fixed bv cooling the sheet 
at or below the glass transition temperatures of the constitutive polymers (for example, at or below the glass transition 
temperature of the main polymer). 9 transition 

[0097] Moreover, in the case of the light-scattering layer having a particulates-dispersed structure, the base can be 
formed by dispersing tne particulate component within the transparent base resin which is in a molten state and then 
terming the mixture of the transparent resin and the particulate component into a film (or sheet) in accordance with such 
a conventional film forming method as casting or melt-extrusion. Also, the base can be formed by coating the mixture 
of the transparent base resin and the particulate component on the surface of a base sheet 

[0098] When laminating the base or the polarized light separation layer with the light-scattering sheet the sheet 
may be adhered thereto, or the resin composition of the light-scattering layer may be applied on the base or the polar- 
zea light separation layer by such a film forming method as coating or an extrusion lamination method to constitute a 
laminate (sheet). Particularly, in the case of lamination with the light-scattering layer in accordance with the film forming 
method using melting state which will later be described, as compared to the lamination by adhesion the light-scatter 
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ing layer as a layer of a substrate is more tightly joined to the other layers constituting the substrate (plate). This as a 
result prevents the quality of images from deteriorating when the touch panel and a liquid crystal display unit are used 
in combination. 

[0099] in the case of lamination by adhesion, the light-scattering sheet may be adhered to the base or the polarized 
light separation layer by applying an adhesive onto part (e.g., periphery) or the entire surface of the base or that of the 
polarized light separation layer. Incidentally, the total light transmittance of the lamination is maintained higher in the 
case where the adhesive is applied over the entire surface than in the case where the adhesive is partially applied. 
More0 ver, in the case of partial application, the generation of interference fringes is inhibited in a conventional manner, 
e g by dispersing particulates over the surface of the base. 

[0100] The adhesive can be selected from acrylic resins, silicone-series polymers, polyester, polyurethane, rub- 
bers and others. Included among the preferred adhesives are those having an index of reflection being a value 
between the index of refraction of the resin forming a polarizing plate and that of the resin forming the substrate or base 
(e g transparent base resin) as members of the liquid crystal display device which will later be described. 
[0101] Concrete examples of the acrylic adhesives are homo-or copolymers of (meth)acrylic acid C 2 _ 14 alkyi esters 
(e.g., ethyl ester n-propyl ester, isopropyl ester). (Base) 

[0102] if the base in itself is light-unscatterable, it is possible to adopt a plastic or glass as the material of the base. 
Preferred as the base is a plastic base. It is made possible to fabricate a lighter-weight and thinner touch panel by using 
a plastic base. As the resin for the base, a resin similar to that of the light-scattering layer can be used. In the case 
where a light-scattering layer having a bicontinuous phase structure and a base sheet are used in combination, since 
the bicontinuous phase structure is formed by spinodal decomposition, it is preferred that the base sheet is heat-resist- 
ant at a spinodal decomposition temperature. 

[0103] included among the preferred resins for the plastic base are resins excellent in heat resistance and trans- 
parency such as cellulose derivatives [e.g., cellulose acetates such as cellulose triacetate (TAC)], polyester-series res- 
ins [eg' polyethylene terephthalate (PET), poiybutyiene terephthalate (PBT)], polyaryfate-series resins, polysulfone- 
series resins [e.g., polysulfones, polyethersuifone (PES)], polycarbonates-series resins [e.g., polycarbonates (PC)], 
polyolefinic resins, and polycyciicolefinic resins. The base may be a uniaxially or biaxially stretched sheet, and may be 
a stretched polyester sheet, such as a uniaxially or biaxially stretched PET sheet 

[0104] In the case where the base is a laminate composed of a light-scattering layer and a base sheet, a sheet sim- 
ilar to the plastic base can be used. 

[0105] Especially, when provided with a polarized Sight separation layer, although it does not matter if the base is 
one with a phase difference (e.g., a uniaxially stretched PET sheet, a sheet formed by the following film forming method 
using melting state), the use of a base having a low index of birefringence is preferable. Exemplified as such base is a 
sheet having a phase difference of 50 nm or lower, preferably 30 nm or lower. A base having such a low phase differ- 
ence can be obtained by using, as the resin, polyethersuifone (PES) or cellulose triacetate (TAC), or others. 
[0106] The thickness of the base or base sheet is about 1 to 400 u,m (e.g.. 1 to 300 nm), preferably about 1 0 to 300 
urn and more preferably about 50 to 200 u.m. If the base or base sheet is too thin, its strength becomes low. if the base 
or base sheet is too thick, the pressure sensitivity (e.g., responsiveness) upon input through the touch panel surface is 

degraded. £ 
[0107] When the base or base sheet is laminated with a light-scattering sheet, the thickness of the base or base 
sheet may be similar to or smaller than the values mentioned above. In this case, the thickness of the base or base 
sheet may be about 1 to 300 urn, preferably about 20 to 150 urn 

(Transparent Conductive Layer) 

[0108] A plate (substrate) is made by forming a transparent conductive layer on the base comprising a light-scat- 
tering sh est or on the light non-scattering base. As the transparent conductive layer, use can be made of a layer of a 
conductive inorganic compound, such as a layer of a metal oxide [e.g., a layer of ITO (indium tin oxide), In0 2 , Sn0 2 , or 
of ZnO), and a layer of a metal (e.g., a layer of Au, Ag, Pt, or of ZnO). Preferred as the transparent conductive layer is 

an ITO layer. , 

[0109] Electrodes or resistant layers of the touch panel can constituted of such transparent conductive .ayers. ,n 

order to eliminate static electricity, another transparent conductive layer as a static electricity eliminating layer (antistatic 

layer) may optionally be provided not on the base surface facing the other substrate but on the other surface of the base. 

For example, in the case where transparent conductive layers are provided one on each side of the substrate, one of 

which can be used as an electrode or a resistant layer and the other as a static electricity eliminating layer. 

rono] The thickness of the transoarent conductive layer capable of functioning as an electrode or a resistant layer 

is, for example, 1 00 x 1 0" 8 cm to 2,000 x 1 0" 8 cm i preferably about 100 x 10 8 to i ,500 x 1 0 8 cm, and more preferably 

about 1 50 x 1 0" 8 to 1 ,000 x 1 0" 8 . The surface resistivity of this transparent conductive layer is, for example, about 1 0 to 

1 000 0/a (e.g., 50 to 800 QJn), preferably about 15 to 500 QJn (e.g., 100 to 500 QJa), and more preferably about 20 
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to 300 QJa. 



[0111] The thickness of the transparent conductive layer capable of serving as a static electricity eliminatinq laver 
» about 10 x 1 0-« to 500 to 1 0- 8 cm, and preferably about 30 x 1 0 * to 300 x 1 0 «cm. The surface resistivity of this tranl 
parent conductive layer is, for example, about 0.5 to 1 00 kite, oreferablv about 1 to 50 kG/tJ 

fure^by kJ^D^KK^ **" ^ * f ° Ur " Pr ° be Sp6Cific resistivit * measuring device (manufac- 

f.°, 1 u 13] u Concrete| y' in the substrate, the transparent conductive layer is laminated on at least one side of the base 
When the base is a laminate of a light-scattering layer and a base sheet, the transparent conductive layer is provided 
on he hght-scattenng layer side or the base sheet side, and either will do. If the transparent conductive layer is provided 
on the base sheet-side surface (good in thermal resistance) of the base, the reliability (stability) of the touch panel pro- 
ducts process js improved. In this case, since the substrate has a three-layered structure laminated in the order of 
transparent conductive layer - base sheet - light-scattering layer, when used as the back base of a touch panel the back 
base is placed with its transparent conductive layerto the front and the light-scattering layerto the rear. Therefore when 
the touch panel ,s mounted on the front surface of a liquid crystal display unit, the light-scattering layer lies in contiguity 
with the liquid crystal, i his gives the display surface or screen higher image quality. " 
[011 4] The transparent conductive layer can be formed on the base by such a conventional method as sputtering 
vapor deposit.on, ion plating, or coating. In the case where the transparent conductive layer is formed by vapor deposi- 
tion (e.g., in the case of deposition of ITO), in many cases, the surface of the base is previously provided with an anchor 
coat layer by depositing a non-conductive inorganic compound such as Si0 2 , or by coating a ^thermosetting ol L 
able resin, and then the transparent conductive layer is deposited thereon. Such pretreatment improves the strength or 
durability of the transparent conductive layer. s 
[011 5] The thickness of the substrate can be selected within the range of, for example, about 1 to 500 urn prefer- 
ably about 10 to 400 pm, and more preferably about 50 to 200 pm. If the thickness exceeds 500 pm, the sharpness of 
a d,splayed .mage is deteriorated (blurred image). Moreover, if the thickness is less than 1 pm, the strength or handlina 
easiness of the substrate deteriorates or becomes worse. nanaung 
[0116] The substrate is highly light-scatterable in the forward direction. That is, despite its high haze value the sub- 
fnf e «nc! 3 T T ' " 9ht transmittance and a low reflectance. The haze va,ue of the substrate is about, 

IJ^S^SS, ab0t f 1 1** T°' m ° re Preferab ' y ab ° Ut 20 10 40% - The total "9 ht transmittance is, for exam^ 
pie, about 80 to 100%, preferably about 85 to 98%, and more preferably about 90 to 95%. The reflectance is for exam 
pie. 10% or lower (e.g., about 0 to 10%), preferably about 7% or lower (e.g., 1 to 7%), and more prefembly abouTlTo 

[0117] The haze value and the total light transmittance can be measured, in conformity with JIS K 7105 usina a 
haze meter (manufactured by Nippon Denshoku Kogyo Co. LTD., NDH-300A). The reflectance can be figured out by 
using a visible/ultraviolet ray spectrophotometer (manufactured by Hitachi, Ltd.) with a 60 0 integrating sphere inside 
and a sample p.ece placed on the incidence plane to be measured, irradiating the sample piece with a ray of 550 nm 
and measuring the coefficient of diffuse reflection (the coefficient of reflected light, not including light which perpendic- 
ularly impinged on the surface (zero incidence) and was mirror-reflected), icnperpenaic 
[011 8] Moreover the substrate, when its light-scattering layer is in a certain phase-separated state, can give direc- 
tivrty to scattered light For example, the substrate may be one capable of directionally scattering l.gh at a scattering 
angle of about 3 to 60", preferably about 5 to 50°, and more preferably about 1 0 to 40° (particularly, about 1 0 to 30° 
[0119 The directwty of the scattered light can be measured using, as shown in Figure 1, a reflcetion-type LCD 
model dev,ce being a laminate of a polarizing plate 21 , a vinyl acetate-series adhesive 29, a testing sheet afa color 
filter 28, a glass plate 23 (1mm thick), and an aluminium reflector 25. A laser beam (from laser, Nippon Kagaku Enoi- 
neenng. K.K., NEO-20MS) is directly and perpendicularly shot toward the reflection-type LCD mode! dev2 f and then 
the intensity of light scattered by the sheet (intensity of scattering) is plotted against the scattering angle ft If' the sheet 
has directivity, the curve obtained by plotting will show a maximum or a shoulder (particularly, a maximum) within a soe 
cific range of scattering angle ft (exciuding 0°) maximum; witn.n a spe- 

[0120] Incidentally, in the substrate, a base composed of a light-scattering layer and a base sheet or of a liaht- 
unscatterable base may have a thermal expansion coefficient similar to that of a polarizing plate or a ohase-contrast 
plate (particularly, a polarizing plate) as a member of the liquid crystal display unit which will later be described Since 
the substrate is in many cases laminated on a polarizing plate or phase-contrast plate of a liquid crystal display unit 
adjustmen ol the thermal expansion coefficient of the base to a value almost equivalent to the thermal expanston coef- 
ficient of the polarizing plate or that of the phase-contrast plate inhibrts detachment stresses from being induced 
between the substrate and the polarizing plate or between the substrate and the phase-contrast plate by thermal exoan 
sion or thermal shrinkage. For example, when the polarizing plate or the phase-contrast date is made of a celluLe 
derivative, , ,s preferred that a cellulose derivative (e.g., cellulose acetate) is used as the resin for the light-scattering 
layer (e.g., transparent base resin) or as the material of the base sheet. 

[0121 ] The plate may incorporate a variety of additives, such as a stabilizer (e.g., an antioxidant, an ultraviolet ray 
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absorber a heat stabilizer), a plastlcizer, a coloring agent (e.g., a dye or pigment), aflame retardant, an antistatic agent, 
or a surfactant If necessary, a surface of the substrate (particularly, the other side of the substrate in which which no 
transparent conductive layer is formed) may be provided with a variety of coat layers, such as an anticloudmg layer or 
a mold-releasing layer. 

roi221 As the spacer for insulating the opposed transparent conductive layers from each other, for example, a 
spacer in the form of particles (dot spacers) can be used. The dot spacers are dispersed between the transparent con- 
ductive layers When the operator touches on the panel for input of data, in response to the pressure applied, the con- 
ductive layers are switched from the non-conducting state into the conducting state at the position corresponding to the 
touched area and as a result the input position is detected. The spacer, such as dot spacers, can be arranged between 
the transparent conductive layers by such a conventional method as printing or a particulates dispersing method 
[01231 Although it does not matter if the mean particle size of the dot spacers is about 0.2 mm (e.g., about 0.01 to 
0 3 mm) for realizing smoother hand-input operation, the mean particle size may for example be about 0.1 mm or 
smaller (e g about 0.01 to 0.1 mm), preferably about 0.03mm (e.g., about 0.01 to 0.05 mm). 

r0124l ' The touch panel of the present invention can for example be used as a touch panel of the digital matrix-type 
or analog resistant layer-type. According to the type of the touch panel, the transparent conductive layers thereof may 
suitably be processed or treated. In the case of a touch panel of the digital matrix type, each of the transparent conduc- 
tive -avers is processed so as to have a striped pattern (a set of bar-like electrodes), and the resultant patterned elec- 
trode (bars-like electrode) of one substrate (e.g., input-side substrate) and that of the other (e.g. non-,nput-s.de 
substrate) may be arranged so as to be in crossed relation (particularly, crossed at nearly a right angle). So that the 
conducting wires are connected to the bar-like electrodes with a silver paste, when the panel is touched, only the bar- 
like electrode corresponding to the touch position (input position) carries electricity and the touch position is detected. 
Patterning of the transparent conductive layers can be effected according to a resist-forming method, such as photoh- 
thoqraphy, or by etching the layers. 

r0125l In the case of a touch panel of the analog resistant layer type, both ends of each transparent conductive 
layer may be removed by, e.g., patterning, and replaced with busbars (e.g., silver busbars) to be connected to each 
transparent conductive layer. Then, the substrates may be so arranged that an array of busbars of one substrate (e.g., 
input-side substrate) and that of the other substrate (non-input-side substrate) are in crossed relation (particularly, 
crossed at a nearly right angle (for example, one oriented in the X-axial direction, the other in the Y-axial direct.on). 
When a voltage is applied to the pair of busbars on one substrate to produce a potential gradient (e.g., potential gradient 
in the X-axial direction) in its transparent conductive layer, a touch (input) on the panel causes electricity to flow through 
the other transparent conductive layer, and thus the touch position (X-coordinate) is detected. The two-dimensional 
coordinates (e g X-coordinate, Y-coordinate) of the pressed area (input area) are detected by alternation of voltage 
application (for producing a potential gradient) to one set of busbars (e.g., busbars oriented in the X-axial direction) and 
detection of potential by the other set of busbars (e.g., busbars oriented in the Y-axial direction). The busbars can be 
formed by for example, printing a silver past on the substrates and then baking. 

f0126l Figure 1 3 shows one embodiment of the substrate with such busbars. A base 30 is laminated with a trans- 
parent conductive layer 4, the layer 4 being approximately square. The periphery of the transparent conductive layer is 
removed by patterning and replaced by a pair of busbars 31 formed by printing and baking a silver paste, the busbars 
being arranged so as to be opposite to each other. The busbars 31 are so formed that their side edges and the trans- 
parent conductive layer 4 overlap. 

r0127l On the substrate may be provided a conducting wire for conducting electricity to the busbars. Figure 1 4 illus- 
trates such substrate. On a base 30 is formed a nearly rectangular transparent conductive layer 4 with its periphery 
removed by patterning. As in the case of the touch panel shown in Figure 13, at edges of the transparent conductive 
layer 4 are formed a pair of busbars 31 by printing. In the area surrounding the transparent conductive layer 4, a silver 
paste is printed along an edge where no busbar is formed, and then baked thereby to form a pair of conducting wires 
32 individually connected to the busbars. 

T012S1 On the input screen of the touch panel may be formed a scratch-resistant layer (hard layer). The nard layer 
orotects a member provided on the input screen of the touch panel (e.g., polarized light separation layer, light-scattering 
layer, static electricity eliminating layer, base) and prevents the member from being damaged by fingers or pens upon 
input imDroving the durability of the touch panel. 

[0129] ' As the hard layer, there is exemplified a resin layer formed by hardening a curable monomer or resin (e.g., 
a light-cured resin layer of a (meth)acrylate-series monomer, such as silicone aerylate, epoxy acrylate, acrylic acid 
ester or urethane acrylate; a thermoset or light-cured resin layer of a light- or thermosetting resin). Incidentally, 'it is pos- 
sible to make the touch panel antidazzle by forming a light-scattering hard layer by dispersing a light-scatterable com- 
ponent (e g a particulate Si0 2 -series material, such as siloide) in the above mentioned resin layer. In this case, 
although the'light-scattering hard layer scatters reflected light and prevents the occurrence of mirror reflection, the def- 
inition of images displayed on a liquid crystal display device is degraded, for the degree of backscattenng is high and 
consequently the transmittance decreases. Particularly, Since a touch panel having a light-scatterable substrate has 
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Z ilZ T P Wafd "9 ht - scatterab ' e ^ with a low degree of backward scattering, the hard layer to 

be formed ,s ,n many oases a cured or hardened resin layer of a curable monomer or resin. The touch paneUhus 
obtained ,s excellent in light transmittance, light-scattering properties, and durability. 

[Liquid Crystal Display Device] 

[0130] The above-mentioned touch panel in combination with a liquid crystal display panel constitutes a touch 

' ;° 1 „ 3 . 1] 2 iS 3 3ChematiC SeCti ° nal View showin 9 a li( * uid cr y stal dis P ia y device using one embodiment of the 

touch panel of the present invention. The liquid crystal display device of Figure 2 comprises aliquid crysta Slav untt 
2 and a touch panel 1 placed in front of the unit 2 (liquid crystal display surface-side) V 
[° 1 ? 2 1 , ln tha touch panel 1 of Fi 9 ure 2 . a Pa* of substrates 5A and 5B, each composed of a light-scatterina laver 
IJZ "f } 38 3 and / trans P arent conducti - ^ (or 4B) provided on one sideof the base a eTmnged sTh 
e tr^n s r r r re ?f 4A and 48 face * aCh ° ther - A s P a <- 8 present between the substmtlTs Jate 

[0133] In the liquid crystal display unit 2 used in combination with the touch panel 1 , a front base 8 on which a trans 
parent conductive layer (transparent conductive electrode) 4c is formed, and a back base 1 0 on which a SSeflSe 

tfT^TX^T^ ele K ctrode) 9 is formed are so arranged that the cond -«- i-y^S^22.7!?l3 

9 face each other. The unit 2 has, between the bases 8 and 10, a liquid crystal cell 12 in which a liquid crvSaM 1 is 
confined. On the surface of the front base 8, not the surface provided with the conductive layer but the leroTls pro 
v.ded a polarizing plate 13 via a phase-contrast plate 14. That is, this liquid crystal display unit is a reflSionXpe HouTd 
crystal display un t having a back base laminated with a light-ref.ectivelayer, and an image foZeJ^ ZZT^ 
layer 1 1 , through the front base 8 and the phase-contrast plate 14, is observable from the oolarizino otata i i VI o£f 
the liquid crystal display unrt is capable of effectively utilizing incident light entered* Tug ^%^£T a *£ 
ural hght, exterior light, front light), there is no need for the display unit to be illuminated by a bJ^^&L""' 
[0134] Even if placed on the front surface (image display surface) of the liquid crystal display unit the touch oanel 
S °lem rr"' 'r en H°? l T h ,T ei haVinQ 3 "S^ering substrate) does not mate the n q uZ^ZXy su^l 
TnZT, r V T • 6 "9 ht - transmittance of the panel is high. Moreover, since the touch paneVl ipaWe 
of preventing the occurrence of mirror-reflection at the touch panel surface and therefore is highly light scatteraWe t£ 

theT'SrhT H 3 '"1 7h 31 diSP ' ay dSViCe featUrin9 hi9h ,Uminance " antidazzle P»P-«2 TJSiS TvSfty^u 
ther smce he touch panel of the present Invention is light-scatterable, the touch panel can be used in combination wtth 
a mirror-reflective liquid crystal display unit having no light-scattering plate, and a liquid crystafC^ere consti 
tuted of such combination is thinner but still holding its high visibility. 

SI h A Va !! ety ° f t0 " ch P anels < touch P anels having a light-scattering substrate) are exemplified as the touch 
subJrat rt h C °fT t,0n With the »< uid cr V stal di *P'ay unrt. such as a touch panel both of the tnt and back 
substrates of which are l.ght-scatterable, and a touch panel in which either the front-side substrate or the back-sklesub 
strate is light-scatterable Incidentally, when the light-scattering layer lies in contiguity with the CT££35£ unft 
ike the case where the hght-scattering layer is formed on the back-side base of the touch panel or wlSetaE 
tering sheet is laminated on the surface of the back-side base (particularly, the surface onTelquid ^ dSay £j 
side), an image is displayed with higher quality. ' aispiay unit 

Slw? t CircU ' arly polar f ed "S" 1 transmission-type touch panel having a polarized light separation layer is put to 
good use when used in combination with a liquid crystal display unit having either a polarizing plate or a phase-c^ntralt 
plate (or neither a polarizing plate nor a phase-contrast plate) (hereinafter, referred to as a Hquid crystafSS unS 
the circularly poanzed light-using type). Moreover, a linearly polarized light transmission-type touc^ane, havTnq both 
a polarized light separation layer and a phase-contrast layer can be used in combination with besides the abovt 
described liquid crystal display unit of the circularly polarized light-using type, a liquid crystal displav unVn h 
polarizing plate or a phase-contrast plate Is provided in front of the liquid crystal layer 

[Q '7 is a schematic sectional view showing a liquid crystal display device constituted of a circularly 

Polarized light transmission-type touch panel and a liquid crystal display unit of the circularly polarized Nqht-us no ti^ 
That is m this liquid crystal display device, the touch panel 1 i of Figure 15 is mounted on the front surface o a Itaufd 
crystal display unit 2c. This liquid crystal display unrt 2c is of the reflection type, comprising a fronTbaL 8 D L ide, wi h 
a transparent conductive layer (transparent conductive electrode) 4c, and aback base lOprovld S a ligh^Xtive 
conductive layer (light-reflective electrode) 9, the front base 8 and the back base 1 0 being so arrange tha J e «ST 
th h ? 40 r? 9 ^ " faCe4 °- faCe re!ati0n ' ln a space b ^een the bases 8 and ,0^ ^ ned" iou d 
22! f ' , °i 3 9nment (direCt ° r) ° f MqUid CrySta ' 1 1 iS reVersibl ^ controllable by applying vottage 

thereto [for example, ,n a direction nearly perpendicular (the direction of thickness of the liquid crystal layer) or parall 
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to the liquid crystal layer], and the liquid crystal 1 1 can function also as a 1/4 wave plate. For example, the liquid crystal 
1 1 may be a liquid crystal which is aligned in a nearly parallel direction (e.g., helical orientation) upon application of a 
voltage and functions as a 1/4 wave plate but stands aligned in a nearly vertical direction unless a voltage is applied 
thereto Incidentally, to the contrary, the liquid crystal 1 1 may be a liquid crystal which is aligned in a nearly vertical 
direction upon application of a voltage but stands aligned in a nearly parallel direction unless a voltage is applied 



thereto. 



r0138l In such liquid crystal display device, exterior light (e.g., natural light) entered through the input screen of the 
touch panel 1i is separated by a polarized light separation layer 33, and only circularly polarized light of certain hand- 
edness exits the touch panel through the non-input-side surface (non-input screen) of the touch panel 1. and then 
enters the liquid crystal display unit 2c. The circularly polarized light entered the liquid crystal display unit 2c passes 
through the liquid crystal layer 11, is reflected by the reflective electrode 9, passes through the liquid crystal layer 11 
aoain exits the liquid crystal display unit 2c through its front surface, and enters the touch panel 1 i. When no voltage is 
applied and the liquid crystal 1 1 is in a vertically aligned state, as in the case of ordinary interracial reflection, circularly 
polarized light cannot pass through the polarized light separation layer 33, forthe circularly polarized light is not affected 
bv me liquid crystal layer 1 1 . As a result, the display surface looks black. On the other hand, if a voltage is applied and 
the liquid crystal 1 1 is aligned parallel to the liquid crystal layer (e.g., helical orientation), due to the phase differences 
in the liquid crystal layer 1 1 , circularly polarized light which entered the display unit through the touch panel 1 1 will be 
converted to linearly polarized light when exiting the display unit as reflected light. Therefore, the reflected light can 
pass through the polarized light separation layer 33 of the touch panel 1i, making the display surface look white. 
r0139T In such liquid crystal display device, so that the liquid crystal layer 1 1 functions as a phase-contrast layer and 
therefore there is no need for the liquid crystal display unit 2c to be equipped with a polarizing plate nor a phase-con- 
trast plate it is possible to fabricate a thinner device. Moreover, in a liquid crystal display device being an integrated 
combination of an ordinary reflection-type liquid crystal display unit (a liquid crystal display unit having a polarizing plate 
and a phase-contrast plate) and a touch panel, the amount of light entered the touch panel through its input screen is 
cut in approximately half by the polarizing plate of the liquid crystal display unit and, before entering a liquid crystal layer, 
the tight that passed through the polarizing plate is partly reflected and exits the touch panel through the input screen. 
As a result the transmittance of incident light for the liquid crystal layer decreases. In contrast, in the liquid crystal dis- 
play device of the present invention, there is no fear that circularly polarized light that passed through the polarized light 
separation layer is reflected and exits through the input screen, and almost all the incident light passes through the liq- 
uid crystal layer, illuminating the liquid crystal display surface bright. 

r0140l Figure 1 8 is a schematic sectional view showing a liquid crystal display device constituted of a linearly polar- 
ized light transmission-type touch panel and a liquid crystal display unit having a polarizing plate and a phase-contrast 
□late This liquid crystal display device is constituted of a liquid crystal display unit 2d and the touch panel 1j of Figure 
16 the front surface of the unit 2d being laminated with a phase-contrast plate 14 and a polarizing plate 13 in this order 
The touch panel 1] is placed on the front surface of the liquid crystal display unit 2d. The axis of polarization of the polar- 
izinq plate 13 of the liquid crystal display unit 2d is oriented in the same direction as that of the axis of linearly polarized 
light entered through the non-input-side surface of the touch panel 1 j. Since the touch panel and the liquid crystal dis- 
play unit are arranged thus, linearly polarized light from the touch panel 1 j can pass through the polarizing plate of the 
liquid crystal display unit 2d, and it is possible to constitute a liquid crystal display device without hindering the functions 
(functions of displaying an image) of a general-purpose reflection-type liquid crystal display unit incorporated therein. 

01411 In such liquid crystal display device, if necessary, the touch panel or the liquid crystal display unit may be 
provided with a light-scattering layer. For example, a touch panel having, in addition to a polarized light separation layer 
and a phase-contrast layer, the light-scattering layer may be used, or the liquid crystal display unit may be provided with 
the light-scattering layer. In an ordinary reflection-type liquid crystal display unit, the display unit is made Hght-scattera- 
ble by such a complicated means as forming concaves and convexes of specific shape on a reflection electrode. How- 
ever, provision of the above-described light-scattering layer is an easier way of giving light-scattering properties to a 

liquid crystal display device. 

101421 The reflection-type liquid crystal display unit is not limited to one with the above structure, and common 
reflection-type liquid crystal display units can also be used. Moreover, the electrode to be laminated on the back base 
need not necessarily be light-reflective, and may be a transparent electrode. Even if a transparent electrode is used, 
liqht-reflectivity can be given to the back base by laminating the back base with a light-reflective plate (e.g., a metal plate 
such as aluminium foil). Incidentally, although it does not matter if the light-scattering properties of the light-reflective 
layer of the liquid crystal display unit (e.g., light-reflective base, light-reflective plate) are those given by surface-rough 
Pning if the touch panel is a light scattcrable one (having a light-scattering layer), its light-reflective layer is usually not 
roughed and is mirror reflective. According to the present invention, it is possible to make a liquid crystal display device 
iight-scatterable without roughening a light-reflective layer of its liquid crystal display unit and therefore to provide high 

quality images at low cost. . ... , ■* 

[0143] As the liquid crystal display unit, in addition to the above-described reflection-type liquid crystal display unit, 
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there can be used another type of a display unit, such as a reflection-transmission-type liquid crystal display unit a 
transm.ssion-type l,quid crystal display unit, and others. Since the reflectlon-transmisston-type iquid c^tal d sLv unft 
is as excellent in portability as the reflection-type liquid crystal disolav unit it i. ^,it a h!f J, Z P V * 

touch pane, of the present invention. The refJcLnLnsSn^ 

example, makmg part of the light-reflective electrode of a reflection-type liquW crystal dteolav unit XnnllZT I I 
mirrored In such reflection-transmission-type liquid crysta. display un£ in<S SLt tSf^STo " 
nor hght) ,s reflected by a light-ref.ective electrode or a half-mirrored electrode. On The ZtdSS^t 
side (e.g.. hght from a backlight) passes through the transparent or haif-mirrored eleTode to the toTs^Z Z 
, ZT^Z 'IT" Pane ' " ° fthe " near,y P ° ,ari2ed transmission type, a transmission^^ SSSCSj 

[0144] The liquid crystal display unit to be used in combination with the touch panel of the present invention me » 
be of the simple matrix (passive) type (e.g., STN) or the active matrix type (e.g., TN-TFn The tau d c TsZ ! dknlT > 

[0145] As the Hquid crystal, a nematic liquid crystal which shows negative dielectric anisotroov in u,™\ ^ h 

or S S5 Sn" STS * aVailab ' e ^ ^ J " pm U " der the trade na ™ ^^^St^Sa^J? 
or 2L.-478-000-. The th.xness of the liquid crysta, layer may for example be about 1 to 20 ,m prefeliy abound 

[0146] When aligning the molecules, an alignment film for aligning the molecules of the. tin, »rt™,<*^, , ,■ 

SS ssss — ^"w^ r ^SS 

[0148] The material of the base of the liquid crystal display unit is not nartin iiorh, rfl£?t H^«w 

[0149] In the case of the glass base, the thickness of the base is for example about mtnq mm * ^ 

™::r ,n ,he — ° ,,he pm ° bMe - ,hc ~ <*■ zzxzz ""ssrss; 

[0150] in the liquid crystal display unit, the polarizing plate and the ohase-contm^t ni*to * 

[0151] For illuminating the input screen of the touch panel, the liquid crystal display device mav be nrnviriArt with 
at a suitable position, a light soume for illuminating the front surface of the liquid crlstT^lZZ^T ? ' 
light). Concretely, the front light may be provided between the liquid crystal dtsptev unKnd ml Zt ^ I™* 

surface of the touch panel (particularly between the liquid crysta, dismay S^S^SS Tthe^dl T 
touch pane, or the liquid crysta, disp,ay unit. Even when exterior light is so wiS b^^TuZ^J^Ll, 
in cases the visibility of the display is low,, such front light illuminates the Input mSn^S^ ZnttTZtt 

off * -~ ^ 

[0152] In the case where the liquid crystal display unit is of the transmlssion-tvoe orth* r^fWr.on tro„™ - 

[0153] included among the preferred liquid crysta, displav units are TFTminr limiiri « n/c .»_i -i- , 

gle polarizing plate (e.g., a reflection-type liquid costal dSy unt a efEion ^llTl f ^ * 
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ud of the liquid crystal display unit or that of the touch panel, by providing an adhesive layer (e.g., adhesive tape) along 
Im!rr*eliould crystal display unit or that of the touch panel, or by placing the touch panel on the liquid crystal 
dloTav unit an^ ^ SS^ »nlng) the two using a faster or others. In combining the two by adhesion at the marg.n 
o wrth fastene ^ formattn of an air layer between the liquid crystal display unit and the touch panel leading to the gen- 
"f n 3 0 InSencTfr nges should be prevented. Incidentaily, the liquid crystal display unit is not necessarily fabn- 
™td bv aSna TZ d cryltal display unit to a touch panel that were separately made, and the device may be 
^^jTl^T^^ ^Jers of the display unit and the panel. For example, the liquid crystal d,sp ay 
IS^^t^^^^^ one side of a phase-contrast plate both sides of which are provided with adhesive 
layera by coating or other means to the touch panel and the other side to the liquid crystal display unrt. 
r01551 The touch panel or the liquid crystal display device equipped with the touch panel of the present invention 
has L^Zp oy^ Ability, for the touch pane, comprises a substrate having light-scattering properties or i poM 
Eaht'ISa^ton Tayer Particularly, a touch panel having a light-scatterable substrate is not only capaDle o reducing the 
dearae of mZ S of incident light but also improving the antidazzle properties of the image display surface In 
add Won sTnc > suth touch panel is capable of scattering reflected light, an image is displayed w.th high luminance 
Combined w" such touch canal to constitute a liquid crystal display device, the visibility of an images displayed on the 
touTd c^staTdlplS unttTs improved. Further, in the case of a touch panel having a polarized light separation layer the 
Slze^QhSSXn *•? is positioned in front of an input-side transparent conductive layer of the touch pane so 
t^^X^^e\2mce^een the transparent conductive layer and air is re-reflected by the polarized hgh 
Z^*^ from exiting through the input screen. This leads to a higher transmittance of incident 

Mnhf o r e S5 multiple-imaging caused by mirror reflection, and consequently brighter images. When fabricating a 
£SC£Sg an integrated combination of the above touch pane, and a liquid crysta! display, the 
Ed S dSZ unit to be used need not be one equipped with a phase-contrast plate and a polariz.ng plate, for 
KolaSed tgh! sepaLon layer of the touch pane, functions not on.y as a phase-contrast p.ate but as a polarizing 
plate. Thus, it is made possible to fabricate a thinner liquid crystal display device. 
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EXAMPLES 

[0156] The following examp.es are intended to show the present invention in further detail and should by no means 

SO %£TTIS^££S£ o~;Tcatterin g sheets and touch panels obtained in Examples 1 to 7 and 
Comparative Examples 1 to 3 were measured according to the following procedure. 

(1) Total light transmittance: 

35 [0158] The total light transmittance was measured using a haze meter (manufactured by Nippon Denshoku Kogyo 
Co. LTD., NDH-300A) in accordance with JIS K7105. 

(2) Haze value: 

40 [0159] The haze value was measured using a haze meter (manufactured by Nippon Denshoku Kogyo Co. LTD., 
NDH-300A) in accordance with JIS K7105. 

(3) Reflectance 

45 roi601 The coefficient of diffuse reflection (the coefficient of reflected light, not including light which perpendicularly 
KLd on L surface (zero incidence) and was mirror-reflected) was measured by, using a v,s,ble/ultraviolet ray 
LXmphotomlr (manufactured by Hitachi, Ltd.) with a 60 0 integrating sphere inside and a sample piece placed on 
the incidence plane to be measured, irradiating the sample piece with a ray of 550 nm. 

so (4) Surface resistivity 

[0161] The surface resistivity was measured using a four-probe specific resistivity measuring device (manufactured 
by Kokusai Denki. K.K.). 

ss (5) Scratch resistance (hardness) 

[01621 The scratch resistance was evaluated utilizing a key-stroke life test. That is, a sheet was struck by a mechan- 
ical key-stroke apparatus at a rate of 3 times/sec. Attached to the tip of the key was a ball of urethane (hardness: 7) of 
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20 mm diameter, and the load applied by a key-stroke was about 150 g. In the test, it is also possible to measure the 

rsrss; ~ ch panel at the time of strike - After struck a — — ~ *• — ^~ 



Exampie 1 



[0163] The touch panel shown in Figure 3 was fabricated as follows 

«o 164 i „ 90 ° P T« S by W6ight ° f a mixed solvent of methylene chloride/methanol (9/1 (weight ratio)) was dissolved 
80 parts by weight of flaky cellulose triacetate (Daicel Chemical Industries, Ltd., LT-105). The solution wl rn ted S 
20 parts by weight of polymethy, methacrylate (PMMA)-series particulates (Sekisui Plastics Co. Ltd MBxTand a 
light-scatterable base (a light-scattering layer 3a) was formed by flow-casting the mixture and then dry nq (thickness of 
sneet: 150 pm, total light transmittance: 92%, Haze value: 30%, Reflectance- 3%) (thickness of 

[0165] A substrate 5a was obtained by forming an ITO transparent conductive layer 4a (thickness- 0 045 ,.mi «„ 
one side of the base by sputtering. The surface resistivity of the transparent oondu«2^2ET1£ aTdthe 
total l,ght tran S m,ttance of the substrate 5a was 92%. The haze value of the substrate 5a was 30% 
[0166] By a resist forming method and etching, the transparent conductive layer was patterned to remove its 

*u£!ZZ tT? a H PproXimate| y rectan 9 ul - O" the surface of the base from whteh the^aZcon 

duct,ve ayer had been removed, a silver paste was printed along two opposing edges of the rectangular £Z 
conducive layer such that each printed silver paste and the transparent conductive layer overlap and Ln baked to 
form busbars. In addition, along an edge where the busbar is not formed, on the surface ofm^ZV^^ml 
ransparent conductive layer had been removed was formed conducting wires by printing the s^pasTanttek^ 

5b?s u uch t a f tr; stant ,ayer ; type r a,og touch panel 13 was fabricated b * »• p^-d ^ITJsl* 

5b) such hat the transparent conductive layers (4a, 4b) was in face-to-face relation with a dot spacer 6 meTeZZeen 
XonTrlLT SUCh P3ir ° f bUSbafS ° f 53 3nd that ^the'substrate 5b w^Tn 

[0167] In order to produce a potential gradient of 0 to 5 volts, a voltage of 5 volts was alternately applied to the two 
resistant layers (4a, 4b) via the busbars each for a period of time allocated. The surface of the . 

w th a finger or a pen, and the coordinates of the pressed position were determined by detecting the potenTa! aZrtent 
at the pressed position of the voltage-applied resistant layer, and converting the detected potential giSS Ton E£2 
roi«« V 't I , J r6SIStant ' ayer - Coordinates of th * P™** P°-«on was accurately determined 9 
I } . 1 P 13 WaS examined under 3 fluorescent lamp, and it was found that the amount of mirror 

reflected l.ght was reduced. Moreover, the touch panel la was mounted on an image forming VurfacT ano an Tmaoe 
delayed on the image forming surface was examined. The sharpness (less blurred image^r^ 
of the image were as good as they had been and nothing was degraded ' mtl ° n 



Comparative Example 1 



[0169] The touch panel 1 b shown in Figure 4 was fabricated as follows 

[ n 0 V 7 ° 1 mD|a 7 ,a : e i 5a(t t ° tal transmittance: 92%, Haze value: 0.5%, reflectance: 5%) was fabricated by forming as 
in Example 1 an TO transparent conductive layer 4a (thickness: 0.045 pm) on one side of a transparent biaxialK, 
stretched polyethylene terephthalate sheet (thickness: 1 75 pm) as a base sheet 1 6a tra "sparent biax.ally- 

manner as SSJjT T"* ^ * ^ toUCh ^ 1b WaS febriCat6d in the ^me 

[0172] The touch panel lb thus fabricated was mounted on an image forming surface, and an images disolaved on 
he image forming surface was examined through the pane, 1c under a fluorescent .amp. Ligh Z the flu^ent 

■ so that the surface of the touch panei ^ <"*» g . are , ^ l i lfty of z 

Example 2 

[0173] Except that a pair of substrates constituting the touch panel 1 c shown in Figure 5 was the combination of th* 

[0174] With the substrate 5c of Comparative Example 1 to the front (as front base) and the substrate sb of F ¥ara „u 
to the back (as back base), the visibility of the touch panel was examined. That is ni^^^^Jl^SSi 
from the front base 5c side with a fluorescent lamp and, as in Example 1, the visible EJ. VZ K?£2 
was examined. As ,n the case of the touch panel of Example 1 , the degree of mirro,ref,ection wa^ow and he touch 
panel had high .mage visibility (sharpness, contrast, and definition of images). 
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Example 3 



roi751 The touch panel 1d shown in Figure 6 was fabricated as follows. . ■ 

0176 in a mixed solvent of methylene chloride and methanol were dissolved 50 parts by weight of polymethy 
mlthacryla e (index of refraction: 1 .49, manufactured by Mitsubishi Rayon Co. Ltd., BR 88) and 50 parts by weight of 
Sv ene^crylonitrile copolymer (index of refraction: 1.55, manufactured by Daicel Chemical industries, Ltd 080SF). 
S™u^ flo*-<« on a polyethersulfone (PES) sheet (thickness: 1 00 urn, manufactured by Sumrtomo 

Chemica Co Ltd i a base sheet 1 6c and dried. The coated sheet was heat-treated at 230°C for 1 0 minutes, sub- 
merged in cold water for cooling, and dried sufficiently. The base obtained was examined using a transmission-type 
mfcroscope, and it was found that a layer 3c made of methyl polymethacrylate and styrene-acrylonrtr^ copotymer had 
a Continuous phase structure and that the average phase or domain distance of each continuous phase was about 6 
urn The bTe "had a thickness of 115 urn, a total light transmittance of 93%, a haze value of 25%, ana a rerlectance of 
4% and was capable of directing scattering light at a scattering angle of about 7°. 

4 /o and was c p , ^ ^ ^ 5e wgs obtajned by !aminat mg the other side of the base sheet 1 6c of the base 

with a transparent conductive layer. The total light transmittance of the substrate 5e thus obtained was 92%, and the 
hazevaiue j^»m2B*^ ^ ^ ^ ^ ^ 1 rf ^ ^ |n the same manner as in 

raiTS? 6 1 As in the case of the touch panel of Example 1, the degree of mirror-reflection was low and the touch panel 
1d had high image visibility (sharpness, contrast, and definition of images). 

Example 4 

r0180l The touch panel 1e of Figure 7 was fabricated as follows. 

0181 90 parts by weight of a polyester-series resin (amorphous copolyester PET-G, manufactured by Eastman 
rhomicai Comoanv Eastar PETG6763, index of refraction: 1 .567) as a transparent base resin and 1 0 parts by weight 
T^^XXs^-ser^ resin (GPPS, manufactured by Daice. Chemical Industries, Ltd., GPPS#30, 
°nde ^fraction: 1 .589) as resin particulates were individual^ dried at 70°C for about 4 hours. Then, the resms were 
rneaded^Tbanbury mixer. The resin composition kneaded was shaped into a sheet in accordance with a film forma- 
tion oVoceSs wherein the resin composition was melted at about 240°C and the molten composition was extrus.on- 
m«M»ri into a sheet usinq a T-die, and the resultant sheet was solidified by a cooling drum having a surface temperature 
of about The I^J scatte7ng sheet 1 8a having a particulates-dispersed structure thus obtained had a thikness of 
1 20 urn a total light transmittance of 91 %, a haze value of 26%, and a reflectance of 5%. 

0182? On the light-scattering sheet was applied a vinyl acetate-based adhesive 17a and dried. The touch pane. 1e 
was fabricated by adhering the light-scattering sheet to, via the adhesive layer, each of the front base and the back base 
of the touch panel of Comparative Example 1 . 

[0183] As in the case of the touch panel of Example 1 , the degree of mirror- reflection was low and the touch panel 
1e had high image visibility (sharpness, contrast, and definition of images). 

Example 5 

r01841 The touch panel 1f shown in Figure 8 was fabricated as follows. 

0185 As in Example 4, a light-scattering sheet (a light-scattering layer 3e in the form of a sheet) was made and 
one side of which was laminated with a hard layer 7b. The laminated sheet had a thickness of 1 30 urn, a total light trans- 
mittance of 91%, a haze value of 26%, and a reflectance of 6%. A substrate 5i was fabricated by lam.nating the other 
side of the laminated sheet with an ITO transparent conductive iayer 4a. 

[01 86] Except for the absence of the hard layer 7b, a substrate 5f was made in the same manner as that described 

I0W7} With the hard layer-laminated substrate 5e as the front substrate and the substrate 5f having no hard iayer 
as the back substrate, the touch panel If was fabricated in the same manner as in Example 1 . 

roissi Data were input through the front surface (input screen) of the touch panel with a pen (the input screen was 
depressed), but the front surface was not damaged. In addition, the scratch resistance of the front surface was evalu- 
ated throuqh a key-stroke life test, but the front surface was hardly scratched. 

[0189} As in the case of the touch panel of Example 1 , the degree of mirror-reflection was low and the touch panel 
1f had high image visibility (sharpness, contrast, and definition of images). 
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Comparative Example 2 

[0190] The touch panel 1 g shown in Figure 9 was fabricated as follows. 

[0191] One side of the base sheet 16a of Comparative Example 1 was laminated with a hard layer 7c containina 
Si0 2 -series (siloide-series) particulates to constitute a non-glare hard coat sheet. The laminated sheet had a total light 
transmittance of 77%, a haze value of 88%, and a reflectance of 15%. A substrate 5k was made by, as in Example 1, 
laminating the other side of the base sheet (not on the surface laminated with the hard layer 7c but on the other surface) 
with an ITO transparent conductive layer 4a. 

[0192] The touch panel 1g was fabricated using the substrate 5k having a hard layer as the front substrate and the 
substrate 5d of Comparative Example 1 having no hard layer 1 as the back substrate. 

[0193] The touch panel 1g was examined under a fluorescent lamp, and it was found that the amount of mirror- 
reflected light was lower. However, the visibility of an image observed through the touch panel 1a mounted on an image 
forming surface was found to be remarkably degraded, and it was hard to recognize the image. 

Example 6 

[0194] The liquid crystal display device of Figure 1 0 was fabricated by adhering the touch panel of Example 1 to the 
outer surface of a polarizing plate of a reflection-type liquid crystal display unit (STN-type) 2a and then forming a hard 
layer on the front surface of the touch panel. 

[0195] In further detail, in the reflection-type liquid crystal display unit 2a, a transparent front base 8 one side of 
which is provided with a transparent conductive layer (transparent conductive electrode) 4c, and a back base 10 pro- 
vided with a light-reflective conductive layer (light-reflective electrode) 9 are arranged such that the conductive layers 
(electrodes) 4c and 9 are in face-to-face relation. Between the bases 8 and 10 is present a liquid crystal cell 12 in which 
a liquid crystal 1 1 is confined. The other side of the front base 8 (not the surface provided with the conductive layer but 
the other one) is laminated with a light-scattering plate 15, and a polarizing plate 13 is laminated on the light-scattering 
plate 15 via a phase-contrast plate 14. 

[0196] The constitutive members of the reflection-type liquid crystal display device were those listed below. 

Polarizing plate 13: polarizing film for liquid crystal display (NPF) (manufactured by Nftto Denko Corporation) 
Phase-contrast plate 1 4: phase-contrast film for liquid crystal display (NRF) (manufactured by Nitto Denko Corpo- 
ration) K 
Front base: glass base (thickness: 0.7 mm) 
Back base: glass base (thickness: 0.7 mm) 

Transparent conductive layer 4c: ITO transparent conductive layer patterned by photolithography 
Reflective conductive layer 9: aluminium layer (formed by depositing aluminium on a glass base) patterned by pho- 
tolithography 

Alignment film: polyimide-series alignment film 

Liquid crystal 1 1 : nematic liquid crystal ZLI-4750 having a negative dielectric anisotropy (n-type) (thickness of liquid 
crystal layer: 7 \xm) 

[0197] The touch panel and the liquid crystal display 2a were bonded together at the interface of the polarizing plate 
and the touch panel with a double-stick tape applied along its margin. 

[0198] This touch panel-equipped reflection-type liquid crystal display device was allowed to display an image 
under a fluorescent lamp. Compared to the case with no touch panel, the degree of mirror-reflection was lower, and the 
image quality and brightness of the device were almost the same. The image displayed on the touch panel was vivid. 

Comparative Example 3 

[0199] Except that the touch panel of Comparative Example 2 was used, the reflection-type liquid crystal display 
device of Figure 1 1 was fabricated in the same manner as in Example 8. 

[0200] This touch panel-equipped reflection-type liquid crystal display device was allowed to display an image 
under a fluorescent lamp. So that light from the fluorescent lamp was mirror-reflected and the display screen dazzled 
(glare), it was hard to recognize the image, 

Example 7 

[0201] The liquid crystal display device of Figure 12 was fabricated in the same manner as in Example 6, with the 
exception that the liquid crystal display unit was one with no light-scattering plate. 
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[0202] This touch panel-equipped reflection-type liquid crystal display device was allowed to display an image 
under a fluorescent lamp and, as in the case of the touch panel of Example 6, found to have high visibility. So that a 
hard layer was formed on the front surface of the liquid crystal display device, as in the case of the touch panel of Exam- 
ple 6, the touch panel of Example 7 had high scratch resistance. In addition, even if used for a long period of time, the 
image quality was not degraded. 



Example 8 

[0203] The touch panel shown in Figure 1 6 was fabricated. The constitutive members (elements) used were those 
10 listed below. 

Bases 1 6e and 1 6f: polyethersulfone film (PES, manufactured by Sumitomo Bake lite Co. Ltd.) 
Spacer 6: Epoxy-series resin (particle size: 200 u.m) 
Transparent conductive layers 4a and 4b: ITO (indium tin oxide) layer 
is Polarized light separation layer 33: cholesteric liquid crystal layer, trade name "NiPCOS' (manufactured by Nitto 

Denko Corporation) 

Phase-contrast layer 34: phase-contrast film for liquid crystal display (NRR manufactured by Nitto Denko Corpora- 
tion) 
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[0204] This touch panel is excellent in visibility, for light reflected at an area posterior to the input screen of the touch 
panel (e.g., the interface between the transparent conductive layer and air) does not exit through the input screen. 



Comparative Example 4 

25 [0205] Except for the absence of the polarized light separation layer 33, the touch panel shown in Figure 19 was 
fabricated in the same manner as in Example 8. 

[0206] This touch panel is poor in visibility, for light reflected at an area posterior to the input screen of the touch 
panel exits through the input screen and thus an image is displayed double. 

30 Example 9 

[0207] Except for the absence of the phase-contrast layer, a touch panel similar to that of Example 8 was fabricated 
(Figure 15). 

[0208] Similar to the touch pane of Example 8, this touch panel is excellent in visibility. 



Example 10 



[0209] The touch panel shown in Figure 20 was fabricated by laminating the input screen of the touch panel of 
Example 8 with a light-scattering sheet 3. The light-scattering sheet was made in the following manner; 50 parts by 

40 weight of methyl poiymethacrylate having an index of refraction of 1 .49 (BR 88, manufactured by Mitsubishi Rayon Co. 
Ltd.) and 50 parts by weight of styrene-acrylonitrile copolymer having an index of refraction of 1.55 (080SR manufac- 
tured by Datcei Chemical Industries, Ltd.) were dissolved in a mixed solvent of methylene chloride and methanol (meth- 
ylene chloride/methanol = 90/10 (weight ratio)). The solution was flow-cast on a polyethersulfone (PES) sheet of 100 
lim thick (manufactured by Sumitomo Chemical Co. Ltd.) and dried. The sheet was made into a light-scattering sheet 

45 (thickness: ^^S\xm, total light transmittance: 93%, haze value: 25%, reflectance: 4%) by heat-treatment at 230°C for 1 0 
minutes and submersion in cold water followed by sufficient drying. Examined with a transmission-type microscope, the 
coating layer of the light-scattering sheet was found have a bicontinuous phase structure and an average phase dis- 
tance of each phase of about 6 urn 



so bxampie 1 1 

[0210] The liquid crystal display device shown in Figure 21 was fabricated placing (adhering) the touch panel of 
Example 8 on (the front surface of) a liquid crystal display unit with a single polarizing plate. The constitutive members 
of the liquid crystal display unit are those listed below. 

55 

Polarizing plate 13: polarizing film for liquid crystal display (NPF) (manufactured by Nitto Denko Corporation) 
Phase-contrast plate 14: phase-contrast film for liquid crystal display (NRF) (manufactured by Nitto Denko Corpo- 
ration) 
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Uqht-scattering plate 15: a sheet comprised of 100 parts by weight of a transparent base resin (PETG, manufac- 
tured by Eastman Chemical Company, index of refraction: 1 .567) within which 15 parts by weight of a resin in the 
form of particulates is dispersed (crosslinked PS particulates, manufactured by Sekisui Plastics Co, Ltd. index of 
refraction: 1 .59, mean particle size: 8 urn). 
5 Bases 8 and 10: glass base (thickness: 0.7 mm) 

Transparent conductive layer 15: ITO transparent conductive layer patterned by photolithography 
Reflective conductive layer 9: aluminium layer (formed by depositing aluminium on a glass base) patterned by pho- 
tolithography 

Alignment film: polyimide-series alignment film 
w Liquid crystal 1 1 : nematic liquic crystal ZL1 -4750 having a negative dielectric anisotropy (n-type) (thickness of liq- 

uid crystal layer: 7 p.m) 

r0211l The touch panel 1j and the liquid crystal display 2e were bonded together at the interface between the 
phase-contrast layer 34 of the touch panel and the polarizing plate 1 3 of the liquid crystal display unit 2e with a doubte- 
rs stick tape applied to its margin. 

r02121 Although th e liquid crystal dispiav device of Example 1 1 incorporates the touch panel, double or multiple 
imaging is inhibited. In addition, the display screen of the device is bright and the visibility is excellent, for light entered 
the touch panel through its input screen passes through the liquid crystal layer at a high rate. 

20 Comparative Example 5 

r02131 The liquid crystal display device shown in Figure 22 was fabricated in the same manner as in Example 1 1 
with the exception that the touch panel incorporated therein was the touch panel 1 k of Comparative Example 4 
r02141 The liquid crystal display device is poor in visibility, for light entered the touch panel 1k through its input 
25 screen is reflected at numbers of interfaces and exits through the input screen, making an image displayed seem dou- 
ble Moreover, the amount of light entered touch panel is cut in nearly half by the polarizing plate 1 3, and part of the light 
transmitted through the polarizing plate 1 3 is reflected before reaching the liquid crystal layer, and exits the touch panel 
through its input screen. Therefore, the liquid crystal display screen seems dark. 

30 Example 12 

[021 5] The liquid crystal display device shown in Figure 1 7 was fabricated using the touch panel 1 i of Example 9. 
The constitutive members of its liquid crystal display unit were similar to those used in Example 11. 
[0216] This liquid crystal display device is, though equipped with a touch panel on its front surface as in the case of 
35 the liquid crystal display device of Example 1 1 , excellent in visibility. 

Example 13 

r02171 The liquid crystal display device shown in Figure 23 was fabricated by mounting the touch panel 1m of 
Example 10 on the front surface of a liquid crystal display unit 2d similar to that of Example 1 1 , with the exception that 

the unit 2d was not provided with a light-scattering sheet. 

r021 81 Since light to be reflected at the input screen of the touch panel is suitably scattered, this liquid crystat dis- 
play device is remarkably excellent in visibility. In addition, there is not need for the liquid crystal display unit to be pro- 
vided with a light-scattering sheet 

Claims 

1 A *ouch panel comprising a pair of substrates each composed of at ieast a transparent conductive layer and a base 
and arranged such that the substrates are spaced apart and the transparent conductive layers face each others 

so which has at ieast one feature selected from: 

(1 ) at ieast one of the substrates is light-scatterable; and 

, 2) a polarized light separation layer capable of transmitting certain circularly polarized light is provided in front 
of the transparent conductive layer of the substrate for touch input. 

2. A touch panel according to claim 1 , wherein the substrate has a light- scattering layer. 

3. A touch panel according to claim 1 , wherein the base is solely constituted of a light-scattering layer, or a laminate 
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of a light-scattering layer and a base sheet. 

4. A touch panel according to claim 1 , wherein the base is laminated with a sheet having a light-scattering layer. 

5. A touch panel according to claim 1 , wherein a light-scattering layer is formed on the base of the input-side substrate 
or the polarized light separation layer. 

6. A touch panel according to claim 5, wherein the light-scattering layer is positioned in front of the polarized light sep- 
aration layer. 

7 a A touch panel according to claim 1 , wherein the light-scattering substrate is capable of directing scattering light at 
a scattering angle of 3 to 60°. 

8. A touch panel according to claim 1 , wherein a phase-contrast layer is provided on an element or member posterior 
to the polarized light separation layer. 

9. A touch panel according to claim 8, wherein the phase-contrast layer is formed on an element or member posterior 
to the transparent conductive layer of the opposite substrate. 

10. A touch panel according to claim 8, wherein the phase-contrast layer comprises a laminate of a layer producing a 
phase difference of 100 to 200 nm and a layer producing a phase difference of 200 to 400 nm. 

1 1 . A touch panel according to claim 1 , wherein the polarized light separation layer comprises a choiesteric liquid crys- 
tal phase and is capable of selectively reflecting circularly polarized light of wavelength 300 to 900 nm. 

12. A touch panel according to claim 2, wherein the light-scattering layer comprises a plurality of components having 
different indexes of refraction, and at least one of which is a resin. 

13. A touch panel according to claim 12, wherein the light-scattering layer comprises a plurality of components different 
in index of refraction by 0.01 to 0.2. 

14. A touch panel according to claim 12, wherein the light-scattering layer has a phase-separated structure. 

15. A touch panel according to claim 12, wherein the light-scattering layer has an isotropic bicontinuous phase struc- 
ture. 

16. A touch panel according to claim 12, wherein the light-scattering layer has a particuiates-dispersed structure in 
which a particulate component is dispersed in a transparent base resin, the particulate component being at least 
one member selected from resin particualtes and inorganic particulates and having an index of refraction different 
from that of the transparent base resin. 

17. A touch panel according to claim 16, wherein the particuiates-dispersed structure is formed by forming a molten 
thermoplastic transparent base resin containing the particulate component into a film. 

18. A touch panel according to claim 1, wherein the front surface of the substrate for touch input is provided with a 
scratch-resistant layer. 

19. A touch panel according to claim 1 , wherein each substrate is provided with busbars connecting to each transpar- 
ent conductive layer, and the set of busbars on one substrate and that of the other substrate are nearly in orthog- 
onai relation. 

20. A liquid crystal display device, which comprises a liquid crystal display unit and the touch pane! recited in claim 1, 
wherein the touch panel is mounted on the front surface of the liquid crystal display unit. 

21. a liquid crystal display device according to claim 20, wherein a polarizing plate is provided on the front surface of 
the liquid crystal display unit via a phase-contrast plate, and the touch panel recited in claim 8 is mounted on the 
polarizing plate. 



24 



EP 1 081 633 A2 

22. A liquid crystal display device according to claim 20, wherein the liquid crystal display unit is a reflection-mode liq- 
uid crystal display unit or a reflection-transmission-mode liquid crystal display unit. 

«T£!££3£Z^ 10 C ' aim WWCh C ° mPriSeS 3 ,iSht S0UrCS ^e front surface 

24 ' p'rope^eT' 8131 **** ^ aCC ° rdin9 t0 C ' aim 2 °' Wherei " ^ " qUid CrySta ' diSplay Unrt has mirror-reflecting 
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FIG. 1 
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FIG. 12 




FIG. 13 
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FIG. 14 
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FIG. 17 
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FIG. 2 1 
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FIG. 2 3 
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